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Principal Locations of Metal Loading from Flood-Plain 
Tailings, Lower Silver Creek, Utah, April 2004


By Briant A. Kimball, Robert L. Runkel, and Katherine Walton-Day


Abstract
Because of the historical deposition of mill tailings 


in flood plains, the process of determining total maximum 
daily loads for streams in an area like the Park City mining 
district of Utah is complicated. Understanding the locations 
of metal loading to Silver Creek and the relative importance 
of these locations is necessary to make science-based 
decisions. Application of tracer-injection and synoptic-
sampling techniques provided a means to quantify and rank 
the many possible source areas. A mass-loading study was 
conducted along a 10,000-meter reach of Silver Creek, Utah, 
in April 2004. Mass-loading profiles based on spatially 
detailed discharge and chemical data indicated five principal 
locations of metal loading. These five locations contributed 
more than 60 percent of the cadmium and zinc loads to Silver 
Creek along the study reach and can be considered locations 
where remediation efforts could have the greatest effect upon 
improvement of water quality in Silver Creek.


Introduction
In heavily mined watersheds, numerous tailings and 


waste-rock piles may occur that can be sources of metals and 
acidity to streams. The challenge facing those interested in 
improving water quality is thus one of source determination: 
in a given watershed, what sources of water are most 
detrimental to stream-water quality and how do they compare? 
Source determination also is particularly important in the Total 
Maximum Daily Load (TMDL) process because individual 
sources must be identified, and their relation to the total load 
from all sources must be quantified. 


In response to the source-determination question, an 
approach has been developed within the U.S. Geological 
Survey (USGS) Toxic Substances Hydrology Program 
to quantify mass loading associated with various sources 
(Kimball and others, 2002). This approach combines the 
methods of tracer dilution to quantify discharge and synoptic 
sampling to provide spatially detailed chemical information. 
Given discharge and chemical data, profiles of mass loading 
illuminate the principal locations where sources contribute 


metals and acid to a stream. The purpose of this investigation 
was to identify the principal locations of metal mass loading 
to Silver Creek in Summit County, Utah (fig. 1), a tributary to 
the Weber River, to provide information for the Silver Creek 
TMDL process for the Utah Department of Environmental 
Quality, Division of Water Quality (UDEQ).


The mass-loading approach was employed by the USGS 
to quantify mass loading of metals to Silver Creek along a 
10,000-m study reach that is listed on Utah’s 303(d) list as 
being impacted by zinc and cadmium (Michael Baker Jr., Inc., 
2004; Utah Department of Administrative Services, 2005). A 
reconnaissance mass-loading study in the southern portion of 
lower Silver Creek identified substantial loading of metals to 
Silver Creek, but the analysis only quantified the net loading; 
it did not give details about the location of particular sources 
in this portion of lower Silver Creek (Kimball and others, 
2004). Almost all of these tailings occur in the flood plain of 
Silver Creek, and thus they are commonly called “flood-plain” 
tailings.


Purpose and Scope


The purpose of this report is to document the principal 
locations of metal mass loading to Silver Creek, Utah. This 
report (1) characterizes the chemistry of stream water and 
inflows along the Silver Creek study reach, (2) quantifies 
the metal loading along the study reach, and (3) identifies 
the principal locations where metal loading occurs. These 
results will facilitate science-based decisions about targets for 
remediation.


Description of the Study Area


This study addresses the reach of Silver Creek from 
the U.S. Highway 40 overpass to the Interstate 80 overpass, 
a reach of almost 10,000 m (fig. 1). Silver Creek originates 
upstream from Park City, Utah (to the southwest of the area 
in fig. 1), and flows into the Weber River near Wanship, Utah 
(to the northeast of the area in fig. 1). This has been called 
the southern portion of the lower Silver Creek site by UDEQ 
in their Innovative Assessment (Ann Tillia, Utah Department 
of Environmental Quality, written commun., 2005). USGS 
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Figure 1. Location of the study reach indicating upper, middle, and lower injection reaches, location of changes in stream-water 
chemistry (colors indicate classification by cluster analysis), and principal locations of tailings, Silver Creek, Utah, April 2004.
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discharge-gaging station 10129900, Silver Creek near Silver 
Creek Junction, Utah, is located near the end of the study 
reach and measures flow from a drainage area of 45 km2. The 
flow measured at the gage includes discharge from a waste-
water treatment plant (WWTP) located just upstream from the 
gage (fig. 1). 


Timing of the sampling was planned so that samples 
would reflect stream-water quality under snowmelt runoff 
conditions because Silver Creek can be ephemeral along this 
study reach during typical low-flow periods. Mean annual 
discharge at the gaging station is 82 L/s, based upon discharge 
records for 2002 through 2004, which were all years with 
drought conditions (Tibbetts and others, 2004; Wilkowske 
and others, 2003). Monthly mean discharge varies from a 
low of 44 L/s in September to a high of 206 L/s in March. 
April has a monthly mean discharge of 167 L/s at the stream 
gage; this value and that from March are a result of snowmelt 
runoff. Most of the discharge at the gage during low-flow 
months is from discharge of the WWTP. Upstream from the 
WWTP, which is most of the study reach, Silver Creek can be 
ephemeral. 


Diversions of Silver Creek required that the 10,000-m 
study reach be divided into three injection reaches for the 
study (fig. 1). The upper injection reach (from 0 to 1,452 m) 
contained a wetland area that started downstream from 525 m. 
Silver Creek discharges from the wetland into two branches 
that flow under Highway 248 through two separate culverts. 
The two branches converge again upstream from 1,371 m, 
allowing for an accounting of discharge at the end of the 
upper injection reach. For the stream sites between 525 m 
and 1,371 m, no discharge estimate was possible. The upper 
injection reach included two important locations for flood-
plain tailings. An area just downstream from the start of the 
study reach is locally referred to as the “flood-plain” tailings, 
but has been labeled “upstream tailings” in figure 1 (fig. 2A). 
At Richardson Flat, a tailings pond is separated from direct 
contact with Silver Creek by an earthen dam.


During recent periods of drought, discharge at 1,452 
m usually has been diverted down the valley in an irrigation 
ditch along the east side of the Silver Creek valley. For the 
purposes of this study, some of the water was allowed back 
into the natural channel of Silver Creek at 1,452 m to provide 
continuous discharge along the entire middle injection reach 
(1,601 to 7,259 m). Because the study occurred at the end 
of the snowmelt period in Silver Creek, this was a diversion 
into a channel that had not been dry for a substantial period 
of time. Thus, the diverted flow was not adsorbed by a dry 
alluvial channel. Much of the channel contained flow before 
the diversion, but continuous discharge in the natural channel 
was necessary to join all the ground-water inflows and to 
quantify loading from the ground-water discharge along the 
middle injection reach. In the meadow area, from 1,601 m 
to 7,142 m, two principal areas contain visible tailings piles; 
upper areas from 1,843 m to about 3,162 m; and a lower 
area from 5,251 m to 7,142 m. Tailings in both the upper and 
lower meadow areas are present in piles (mounds, berms, and 


hummocks) along the stream that could have been created in 
preparation for shipping to be reprocessed (Ann Tillia, Utah 
Department of Environmental Quality, written commun., 
2005). Vegetation around the tailings is very scarce; the 
mounds are mostly bare. A typical inflow from mounds of 
tailings in the upper meadow area is shown in figure 2B. 
Ground-water discharge from the lower meadow area is shown 
in figure 2C.


The lower injection reach (7,142 to 9,747 m) contained 
continuous discharge as a result of the ground-water discharge 
upstream in the middle injection reach. Tailings from the 
operation of the Old Big 4 mill, which was located near the 
present Pivotal Promontory access road, contribute metals to 
the lower tailings area. Additional tailings farther downstream 
also contribute metals (figs. 1 and 2D). This lower reach also 
receives discharge from the WWTP as well as return flow at 
9,360 m from the irrigation ditch that starts at 1,452 m in the 
upper injection reach. 


Details of the ore deposits in the Park City district have 
been discussed by Garmoe and Erickson (1968) and Bromfield 
(1989). Because the study reach is affected by tailings from 
the ore processing, the mineralogy of the ore deposits is the 
most important aspect of these reports. Sphalerite (ZnS) is the 
principal ore mineral contributing zinc. Cadmium commonly 
substitutes for zinc in sphalerite; thus, this mineral is the 
principal source of cadmium as well. Additionally, some of the 
ores occurred as skarn deposits, which are hosted in carbonate 
rocks. Carbonate minerals, especially rhodochrosite (MnCO


3
), 


also occurred as gangue minerals in the intrusions (Rockwell 
and others, 1999). Thus, tailings from these ores should have 
abundant sphalerite and carbonate rhodochrosite.


Previous Work


A reconnaissance of this same study reach by Kimball 
and others (2004) included stream discharge and chemistry for 
four locations. These locations were upstream and downstream 
from Richardson Flat, and upstream and downstream from the 
WWTP. Loads of cadmium and zinc increased downstream 
between each of these four sampling locations. At the time 
of that study (Kimball and others, 2004), discharge from 
Silver Creek was completely diverted into an irrigation ditch, 
and there was no continuous flow in the natural channel. 
Numerous ground-water discharges from tailings in the 
meadow area were observed, but the amount of mass loading 
from the various inflows was not quantified. At the sampling 
site upstream from the WWTP, the ground-water discharge 
had combined to create continuous flow in the channel. 


Information from the study area has been compiled 
for a TMDL study (Michael Baker Jr., Inc., 2004). As 
with the USGS reconnaissance, however, there was little 
detail on sources within the meadow area. Another USGS 
study (Giddings and others, 2001) identified elevated metal 
concentrations in bed sediments of Silver Creek. The elevated 
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B


C D


A


Figure 2. Photographs of major sources of metal loading along the study reach, Silver Creek, Utah, April 2004.  (A) Looking upstream 
toward injection point under the Highway 40 bridge and the “upstream” tailings; (B) Looking upstream while sampling an inflow draining 
from mounds of tailings in the upper meadow tailings area; (C) Looking upstream at the pond at the end of the lower meadow tailings 
area, upstream from Pivotal Promontory access road; and (D) Looking upstream at tailings in the flood plain downstream from historical 
Old Big 4 mill site.
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concentrations extended all the way from the Park City area to 
the mouth of Silver Creek.
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Methods for Mass-Loading Approach
A mass-loading approach to identify sources of metals 


combines several methods. Details of these methods are 
reported elsewhere (Kimball and others, 2002; Kimball and 
others, 2004; Kimball and others, 2006b; Kimball and others, 
2006a), but some aspects are repeated here to help understand 
the results for Silver Creek. Data collection for the approach 
is based on field methods of tracer dilution (Kilpatrick and 
Cobb, 1985) and synoptic sampling (Bencala and McKnight, 
1987). Data analysis is based on methods of calculating 
loads to obtain detailed longitudinal profiles of mass loading 
(Kimball and others, 2002; Kimball and others, 2003). Also, 
multivariate sample-classification methods help to interpret the 
detailed chemical results. 


Tracer Injection and Synoptic Sampling


The mass-loading study began with a careful evaluation 
of inflows along the study reach, which was accomplished 


by walking the entire study reach (fig. 1). Before flow was 
diverted into the middle injection reach, ground-water inflows 
were evident, and their cumulative effect created some 
perennial discharge by the end of the middle injection reach. 
Stream sites for synoptic sampling were chosen upstream 
and downstream from the inflows to allow mass-balance 
calculations. Additional stream sites were located along 
the study reach at regular intervals to check for dispersed, 
subsurface inflow to the stream. Sampling sites for the 
synoptic study are referenced by the measured distance along 
the study reach in a downstream direction, with the injection 
site assigned a distance of 0 m. Inflows are referred to as 
left and right bank with an orientation looking downstream. 
Reference to a stream segment means the section of the study 
reach between two consecutive stream sites, and is referenced 
by both the upstream and downstream distances, for example 
the segment 1,601–1,843 m. 


A continuously injected chemical tracer provides a way 
to measure discharge that includes the hyporheic flow of 
the stream because it follows the water as it moves in and 
out of the streambed. Under ideal conditions, tracer-dilution 
techniques allow the detection of increases in discharge 
of only a few percent. Once the tracer reaches a steady 
concentration at each point along the stream, called the plateau 
condition, discharge can be calculated at any stream point 
from the concentration of the tracer at that point. This typical 
application of a tracer-injection study was adequate for the 
upper and lower injection reaches, but for the middle injection 
reach the approach was modified.


Sodium bromide was selected for the injection solution 
because of the high pH of the stream. No geologic sources of 
bromide were suspected in the watershed (Nichols and Bryant, 
1990). In the analysis of this experiment, bromide is assumed 
to be a conservative tracer. No adverse effects on organisms 
were observed from the injection of the tracer solution. Details 
of the three tracer injections are provided in table 1, and the 
system of pumps and controls is detailed in Kimball and others 
(2004).


The background concentration of the tracer was much 
lower than the concentration of injected tracer in the stream 
and was mostly uniform. With these uniform background 


Table 1. Details of tracer injections for three injection reaches along Silver Creek, Utah, April 2004.


[L/s, liters per second; mg/L, milligrams per liter]


Injection 
reach


Injection  
start


Synoptic  
start


Synoptic  
end


Injection  
end Injection  


rate  
(L/s)


Tracer-  
injectate  


concentra-
tion 


(mg/L  
as bromide)


Background  
bromide  


concentration  
(mg/L)Date Time Date Time Date Time Date Time


Upper 4/14/2004 12:00 4/15/2004 9:07 4/15/2004 13:25 4/15/2004 11:00 0.00123 159,600 0.24
Middle 4/8/2004 9:00 4/9/2004 8:55 4/9/2004 14:12 4/9/2004 15:00 .00100 162,800 .31


Lower 4/5/2004 15:27 4/6/2004 9:34 4/6/2004 14:00 4/6/2004 15:50 .00251 160,300 .31
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concentrations, stream discharge at any location downstream 
from the injection is given by:


  (1)


where:


 Q
D
  is the stream discharge at the downstream site, 


in L/s,


 Q
INJ


 is the injection rate (table 1), in L/s,


 C
INJ


 is the injectate concentration, in mg/L,


 C
D
 is the tracer concentration at a downstream site, 


in mg/L, and


 C
B
  is the naturally occurring tracer concentration, in 


mg/L.


The amount of tracer dilution between two consecutive 
stream sites indicates the total inflow from surface and 
ground water for that segment of the study reach. Tracer 
dilution accounts for visible inflows, such as tributaries and 
springs, as well as dispersed, subsurface inflow. No separate 
measurement was made of tributary inflow to be able to divide 
the total inflow volume between surface- and ground-water 
components for a given stream segment.


Synoptic samples were collected at numerous stream 
and inflow locations after the bromide concentration reached 
a steady-state plateau. Sampled inflows were mostly small 
springs and some irrigation return flows; only one well-
defined tributary occurred at 9,562 m. A complete listing of 
sampling locations, sample information, and the chemical 
data are provided in tables 2, 3, and 4 (located at back of 
report). Samples were collected in 1.8-L HPDE bottles usually 
by submersing the neck of each bottle into the water near 
the center of flow. Samples were transported to a central 
processing area where 125-mL aliquots were prepared 
for cation and anion analyses. Onsite processing included 
filtration and pH measurement. Filtration was completed 
with in-line capsule disk filters with an effective pore size 
of 0.45-μm (FA samples). Some total-recoverable samples 
(RA) were collected to evaluate the presence of colloidal 
concentrations of metals. The colloidal concentration 
was calculated as the difference between the RA and FA 
concentration for those samples that included both. Both FA 
and RA aliquots for cation analysis were acidified to a pH 
of less than 2.0 with ultrapure nitric acid. Total recoverable 
and dissolved cation concentrations were determined from 
unfiltered and filtered samples, respectively, by using 
inductively coupled argon plasma-mass spectrometry. Cation 
concentrations are reported for aluminum, arsenic, barium, 
calcium, cadmium, cobalt, chromium, copper, iron, potassium, 
magnesium, manganese, molybdenum, sodium, nickel, lead, 
silica (as silicon), silver, strontium, uranium, vanadium, and 
zinc. Dissolved anion concentrations were determined from 
filtered, unacidified samples by ion chromatography. Anion 
concentrations are reported for chloride, bromide, and sulfate. 


Q
Q C


C CD
INJ INJ


D B


=
−


Alkalinity (as calcium carbonate) was determined by titration 
from filtered, unacidified samples.


Load Calculation


Three specific load calculations are used to quantify the 
sources of loading to Silver Creek. First, the tracer injection 
provides estimated discharge ( Q) and synoptic sampling 
provides constituent concentrations (C), which are combined 
to determine sampled instream load:


 M C Q
A A A
= ( . )0 0864  (2)


where:


 M
A
  is the constituent load, or mass flux,  at location 


A, in kg/day, 


 C
A
 is the concentration of the selected constituent at 


location A, in mg/L,


 Q
A
  is the discharge at location A, in L/s,  and


  0.0864  is the conversion factor from  mg/s to kg/
day. 


Sampled instream load for stream sites was calculated 
from the filtered concentration (FA sample) of the constituent. 
The longitudinal profile of sampled instream load is the basic 
result from the mass-loading study.


The second load calculation determines the net change 
in mass load in one stream segment, and is used to determine 
if the load of a given constituent increases or decreases in the 
given segment. For the change in load for the segment starting 
at location A and ending at location B, we calculate:


 ∆MB –A = MB – MA  (3)


where:


 DM
B–A


  is the change in sampled instream load from 
locations A to B, in kg/day,


 M
B
 is the constituent load at location B, in kg/day, 


and


 M
A
 is defined in equation 2.


Gains in constituent load (DM
B–A


 is greater than zero) 
imply that there is a source that contributes to the stream 
between the two stream sites. Instream load also can decrease 
within a stream segment (DM


B–A
 is less than zero), meaning 


that there was a net loss of the constituent from physical, 
chemical, or biological processes. Summing all the increases 
in load between sampling sites along the study reach (positive 
values of DM


B–A
) leads to the cumulative instream load. At 


the end of the study reach, the cumulative instream load is the 
best estimate of the total load added to the stream but is likely 
a minimum estimate because it only measures the net loading 
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for segments and does not account for loss resulting from 
reaction.


For those segments that include a sampled inflow, a third 
load calculation is possible. If stream sites A and B surround 
an inflow sample, location I:


 �M C Q Q
I I B A
= −( )( . )0 0864  (4)


where:


   DM
I  


is the load attributed to the inflow, I, in kg/day,


 C
I
 is the inflow concentration, in mg/L,


 Q
B
  is the discharge at site B, in L/s, and


 Q
A
 and 0.0864 are defined in equation 2. 


Summing the inflow loads along the study reach produces 
a longitudinal profile of the cumulative inflow load. This sum 
can be compared to the cumulative instream load to indicate 
how well the sampled inflows account for the load measured 
in the stream. The cumulative instream and cumulative inflow 
profiles would be nearly equal if the sampled inflows were 
completely representative of the constituent concentration for 
all the water entering the stream, but that is rarely the case. 
Ground-water inflow into streams affected by mine drainage 
often has higher concentrations of metals than surface-
water inflows into the same stream segment. This causes the 
cumulative instream load to be greater than the cumulative 
inflow load and can indicate important areas of unsampled 
inflow load, which is defined as:


 DM
U 


 =DM
B–A


 –DM
I
 (5)


where:


  DM
U  


is the unsampled inflow load, in kg/day, and


 DM
B–A


  and DM
I
 are defined in equations 3 and 4.


 
Unsampled inflow can be calculated for individual stream 
segments even if the segment does not include a sampled 
inflow or for the entire study reach by comparing the 
cumulative instream and inflow loads. If the value is negative 
for the entire study reach, however, it can still be positive for 
some individual stream segments. Note that DM


B–A
 includes 


all sources of loading within a stream segment and, in most 
cases, does not distinguish the quantity added by an individual 
source. 


Because there is measurement error inherent in discharge 
estimates, chemical analysis, and sampling, a load error 
equation is used to constrain the changes of sampled instream 
load. The load error is calculated from an equation that 
accounts for these potential sources of error (McKinnon, 
2002):


 Load error = +( )( . )Q C C Q
A A A A
2 2 2 2 0 0864� � (6)


where:


 DC
A
  is the precision of chemical analysis,


 DQ
A
 is the precision of  discharge calculation, and


  Q
A
, C


A 
 and 0.0864 are defined in equation 2.


The value of DC
A
 is calculated in a manner analogous to 


that used by Friedman and Erdman (1982) for single operator 
precision. The coefficient of variation (CV), representing 
precision, and the mean concentration are calculated for 
repeated analysis of a constituent in a set of standard reference 
samples spanning a range of concentrations. Values for CV are 
regressed as a power function of the mean concentrations to 
obtain an equation expressing analytical precision, DC


A
, as a 


function of concentration:


 �C a C
A A


b= ( )  (7)


where:


 DC
A
  is precision for the chemical measurement at site 


A, in percent,


 a is the coefficient from regression,


 C
A
 is the concentration of the constituent at site A, and


 b is the exponent from regression. 


The value of DQ
A
 is based on the CV for the plateau 


tracer concentration at the transport sites during the period of 
synoptic sampling. For example, for the upper injection reach 
(fig. 3A), the mean bromide concentrations at transport sites 
T1 and T3 during synoptic sampling were 4.23 mg/L and 
1.74 mg/L, respectively (site T2 was not located on the main 
channel, but on the returning ditch, an inflow). The value of 
CV for site T1 was 2.5 percent and for site T3 was 9.6 percent. 
Similar to the procedure for analytical precision, the values of 
CV for each mean are used to develop a linear regression for 
DQ


A
:


 �Q mC b
A A


T= +  (8)


where:


  DQ
A
  is the discharge error at site A,


 m  is the slope from linear regression,


 C T
A
  is the tracer concentration at site A, and


 b  is the intercept from linear regression.


Both DC
A
 and DQ


A
 give the percentage of C


A
 and Q


A
 


to be substituted into equation 6 to calculate load error. The 
load error is compared to the change in load to the next site, 
DM


B–A
. If the absolute value of DM


B–A
 is greater than the load 


error, then there has been a measurable and significant change 
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Figure 3. Variation of bromide concentration at transport sites with time for (A) upper, (B) middle, and (C) lower injection reaches, 
Silver Creek, Utah, April 2004.
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in load. Only the values of DM
B–A


 that are greater than the 
load error are included in the longitudinal profiles of sampled 
instream load and the cumulative instream load.


Sample Classification


An important objective of synoptic sampling is to 
recognize patterns or chemical characteristics among samples 
that can indicate the sources of mine drainage. Water that 
interacts with distinct mineral assemblages may exhibit 
characteristic chemical signatures that can provide distinctions 
among the inflow samples. Thus, groups of inflow samples 
are identified by their similarities. In this study, distinctions 
among inflow groups lead to understanding differences in 
drainage from the various areas where tailings occur. Groups 
of stream-water samples indicate where major changes occur 
in surface-water chemistry. Sample classification was done 
separately for inflow and for stream-water samples.


A cluster analysis method called partitioning around 
medoids was used to evaluate distinctions among the inflow 
and stream-water samples (Kaufman and Rousseeuw, 1990). 
For both stream-water and inflow samples, the method uses 
the Euclidian distance between samples in multi-dimensional 
space to determine clusters or groups of samples with samples 
that are similar, and yet groups that are the most distinguished 
from each other. To emphasize the linear relations among 
variables, the chemical concentration of each constituent, is 
expressed in millimoles per liter. These values are converted 
to standardized variables in the analysis. Only filtered 
concentrations were used as input to the analysis. 


Discharge from Tracer Dilution
Understanding the effects of flood-plain tailings on mass 


loading to Silver Creek is based on three critical lines of 
evidence. First is the estimation of discharge from the tracer 
dilution, second is the pattern of chemical variation of inflow 
and instream concentrations, and third is the longitudinal 
pattern of mass loading that comes from a combination of the 
synoptic discharge and chemical data.


To estimate discharge from tracer dilution, a concentrated 
sodium bromide solution was slowly pumped into the 
stream at the upstream end of each injection reach. Details 
of the time, injection rate, and tracer concentration of the 
injectate solution for each injection reach are presented 
in table 1. During the periods of synoptic sampling, the 
tracer concentration in the middle (fig. 3B) and lower (fig. 
3C) reaches appeared to attain a steady-state plateau at 
each transport site. During synoptic sampling for the upper 
injection reach (fig. 3A), however, a plateau occurred at site 
T1, but tracer concentrations at sites T2 and T3 appeared to 
be increasing. Thus, discharge estimates downstream from 
525 m for the upper injection reach were not calculated. 
For the middle and lower injection reaches, however, where 


concentrations vary with downstream distance, but not with 
time, values of bromide concentration for each synoptic 
stream site can be used to estimate a discharge value by using 
equation 1. Smoothed bromide concentrations, using the 
method of Velleman and Hoagland (1981), were used in the 
discharge calculations, and the smoothed concentrations of 
the bromide tracer and estimated discharge at all of the stream 
sites are listed in table 2 (located at back of report).


Bromide concentrations of inflow samples were variable 
(fig. 4B). The median bromide concentration among inflows 
(excluding those inflows that directly drained roads) was 0.3 
mg/L (fig. 4B), which is a likely background concentration for 
this study reach. Twelve samples had a bromide concentration 
of greater than 0.5 mg/L (fig. 4B), and those samples most 
likely had some portion of stream water in them. Most of these 
samples were collected in the middle injection reach where the 
diversion of water could have caused some back mixing with 
inflows. Because higher bromide concentrations among inflow 
samples were likely the result of injected bromide, and not 
the result of natural sources of bromide, the instream bromide 
concentrations should remain acceptable for calculating 
discharge with equation 1.


Discharge estimates must be viewed in the context 
of variation that occurred during the 10-day period of the 
injections (fig. 4A). Hourly-scale variation in the gaging-
station record resulted from variable discharge of the WWTP, 
and this variation did not occur upstream from the WWTP. 
Daily scale variation was a result of diel variations from 
snowmelt. Two periods of rain occurred and discharge peaked 
at the gaging station at about 0:00 hours on April 8 and 0:00 
hours on April 9. The period of synoptic sampling for each 
injection is indicated by vertical lines, and discharge at the 
gage varied from an average of 110 L/s during the lower 
injection, to 209 L/s during the middle injection, to 67 L/s 
during the upper injection. 


Discharge at the end of the middle injection reach (fig. 
4B), was substantially greater than at the beginning of the 
lower injection reach. In a temporal context (fig. 4A), the 
difference is explained by the storms that occurred between 
the two injections. The base discharge at the gaging station 
was 123 L/s higher during the middle than during the lower 
injection and mostly accounts for the difference of 142 L/s 
(fig. 4A) between the two injection reaches. The comparable 
values of discharge at the end of the upper injection reach on 
April 14 and the beginning of the middle reach on April 9 
should differ by much more than they do, because discharge 
at the end of the upper injection reach on April 9 should have 
been greater after the storms. Not all the discharge from the 
upper injection reach, however, was diverted to the natural 
channel for the middle injection reach, and the amount that 
was diverted was nearly equal to the discharge at the beginning 
of the middle injection reach on April 9. Thus, the temporal 
variations over the 10-day period can explain the discharges 
illustrated in figure 4B.
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Figure 4.  Variation of (A) discharge measured at U.S. Geological Survey streamflow-gaging station 10129900 with time and (B) 
estimated discharge and bromide concentration with distance for stream and inflow samples along the study reach, Silver Creek, Utah, 
April 2004.
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Chemical Variation of Synoptic 
Samples


The discharge profiles of each injection reach are 
combined with an equally detailed profile of stream and 
inflow chemistry. For this 10,000-m study reach, 52 stream 
and 46 inflow sites were sampled to provide the desired 
characterization (table 2). Results of chemical determinations 
are listed in table 3 for major ions and table 4 for trace 
elements (both tables located at back of report). All samples 
were evaluated for charge balance and all but two samples had 
a balance less than 5.2 percent; the median balance was 1.97 
percent.


New spectroscopic technology, inductively coupled 
argon plasma/mass spectrometry, (ICP-MS), makes the 
determination of low concentrations of metals possible. 
Method detection limits for the analyses of the synoptic 
samples are listed in table 5; many detection limits were 
less than one part per billion. Precision for each element 
was determined by a modification of the method for single 
operator precision (Friedman and Erdmann, 1982). Statistics 


for calculating single operator precision were developed 
by running certified standards and field standard reference 
samples at regular intervals throughout the chemical analysis. 
By calculating the CV for a given concentration from these 
reference standards, power function equations for CV as a 
function of concentration were developed; coefficients and 
exponents for these equations are listed in table 5, and, as 
described in the “Methods” section, are used in the load error 
calculation to determine the DC


A
 term in equation 6.


Inflow Samples


Metal concentrations measured for inflow samples span 
nine orders of magnitude, and a comparison using box plots 
(Velleman and Hoaglin, 1981) demonstrates this range (fig. 5). 
Such a large range of concentration suggests that the inflows 
sampled in this study most likely represent the possible range 
of inflow chemistry affecting Silver Creek in the study reach. 
A substantial percentage of the samples had cadmium, iron, 
manganese, strontium, and zinc concentrations that were 
greater than 100 μg/L. Zinc concentration in samples from 4 
inflows exceeded 100,000 μg/L, and one of these exceeded 


1,000,000 μg/L (fig. 5; table 4). These 
high concentrations indicate the potential 
importance of these flood-plain tailings as 
sources of metals to Silver Creek.


Inflow samples have been classified 
using cluster analysis into four groups on 
the basis of their chemical composition. 
Distinctions among the groups are evident 
from variations in pH and concentrations of 
selected constituents (table 6). The groups 
have been arranged in an order of decreasing 
pH and increasing concentration (with the 
exception of alkalinity), and this order could 
represent the extent of weathering of flood-
plain tailings or weathering of tailings having 
variable content of sphalerite and other 
metal-rich minerals such as rhodochrosite. 
None of the inflow samples can be considered 
totally unaffected by interaction with tailings 
material, but the groups may represent the 
extent of interaction or else the effect of 
differing mineralogy in the tailings material. 
Inflow samples that have the highest values of 
pH (least and moderately affected groups) also 
have the lowest concentrations of calcium, 
sulfate, and zinc, but the highest concentration 
of alkalinity. On the other hand, samples with 
the lowest pH have the highest concentrations 
of calcium, sulfate, and zinc (substantially 
affected and most affected groups).


Spatially, general distinctions exist 
among the groups of inflow samples. Inflows 
most affected by tailings occurred at the 


Table 5. Method detection limits and relative standard deviation of quality-
assurance samples, Silver Creek, Utah, April 2004.


[MDL, method detection limit]


Constituent
MDL,  


in micrograms  
per liter


Coefficient of variation


Coefficient Exponent


Calcium 416 7.7586 -.2861
Magnesium 101 2.4179 -.3756
Sodium 302 3.7271 -.2209
Potassium 36 2.2376 .1502
Alkalinity as CaCO


3
500  


Sulfate 1,760 6.6228 -.3185
Chloride 480 3.7271 -.2209
Bromide 80 5.7087 -.3406
Silica, as Si 309 3.0626 .0624
Aluminum .2 1.6461 -.4146
Arsenic .01 3.6077 -.176
Barium .1 1.2463 -.1304
Cadmium .09 .6576 -.3452
Cobalt .01 .1594 -.57
Chromium .05 .8397 -.305
Copper .04 3.7668 .0892
Iron .3 1.3058 -.2804
Lead .01 .7153 -.1152
Lithium .5 1.0295 -.3813
Manganese 5 1.249 -.0496
Molybdenum .04 .8158 -.2531
Nickel .37 1.3722 -.4094
Silver .01 3.2254 -.2851
Strontium 2 11.556 .0854
Uranium .003 1.0411 -.0962
Vanadium .01 .08742 -.2047
Zinc 22 .8362 -.7002
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Silver Creek, Utah, April 2004.
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beginning and near the end of the middle injection reach 
(fig. 6, orange triangles at 1,965 m and 5,928 m). Both 
these inflows originated directly from tailings piles (table 
2). Moderately affected inflows (light blue triangles) mostly 
occurred from the beginning of the study reach (0 m) to near 
4,403 m. Substantially affected inflows (yellow triangles) 
mostly occurred from 5,251 m to 8,497 m. In general, this 
group of substantially affected inflows not only had lower pH 
than the least and moderately affected groups, but also had 
higher concentrations of sulfate and zinc (fig. 7A and B).


If the mining wastes were derived from ore deposits that 
had the same age of mineralization, the sphalerite might have 
a uniform ratio of cadmium to zinc. In a plot of cadmium with 
zinc, a constant ratio is represented by a line of unit slope (fig. 
8A). Not all samples plot along a line of unit slope (fig. 8A). 
Samples from the least and the moderately affected inflows 
had the most variable cadmium to zinc ratio, and samples from 
the substantially and most-affected inflows had a relatively 
constant ratio. This corresponds to a spatial pattern of higher 
ratios occurring among inflow samples between 2,000 and 
4,800 m (fig. 8B), or the area of the upper meadow tailings 
piles (fig. 1).  Stream-water samples from this same area and 
also downstream to the end of the study reach generally had 
the same ratio and plot along the line of unit slope (fig. 8A). 
This result indicates that zinc and cadmium in the middle and 
lower injection reaches were mostly obtained from the tailings 


piles in those areas rather than from 
upstream sources. This is consistent 
with the substantial increases in zinc 
concentration among samples collected 
downstream from 2,000 m (fig. 7B) and 
has implications for remediation.


Stream Samples


Distinctions that occur among 
groups of stream-water samples have a 
different implication than distinctions 
among groups of inflow samples. As 
noted, distinctions among inflow sample 
groups could result from the degree 
of interaction with flood-plain tailings 
or the variable chemical character of 
tailings, both possibilities reflecting 
catchment sources of zinc. Distinctions 
among stream-water groups along the 
study reach in Silver Creek, however, 
represent changes in stream-water 
chemistry in response to inflows from 
the various sources. Consequently, 
the resulting classification of stream-
water samples into groups represents 
a sequence of changes along the study 
reach. The locations of different groups 
are indicated in figure 1.


Sulfate and zinc concentrations 
illustrate the pattern of change for stream-water samples 
collected along the study reach (diamond symbols for stream-
water samples; fig. 7A and B). From upstream to downstream, 
five groups were distinguished by cluster analysis and are 
designated as A-E.


Group A (dark blue diamonds; 0 to 1,843 m) – Sulfate •	
concentration at the beginning of the study reach was 
consistently near a median concentration of 294 mg/L. 
Zinc concentration progressively increased along the 
upper injection reach from 1,300 to almost 1,700 μg/L 
at 1,452 m. The increase could indicate a contribution 
from the “upstream” tailings (fig. 1), but the median 
zinc concentration of 1,590 μg/L was relatively low 
compared to concentrations downstream. 


Group B (light blue diamonds; 861 m to 1,309 m) •	
– The chemical character of samples from the right 
branch of the upper injection reach (stream-water 
samples collected at 861 m, 1,229 m, and 1,309 
m) differed from that of the main channel, with a 
slightly higher sulfate concentration, but a lower zinc 
concentration. The difference in chemistry indicates 
that ground water may flow into the right branch 
after the stream splits, but it is of note that metal 
concentrations are lower as a result.


Table 6. Median, minimum, and maximum pH value and concentration of selected 
consituents in groups of inflow samples collected along Silver Creek, Utah, April 2004.  
Groups are labeled by the degree to which they are affected by interaction with mining 
wastes. 


[mg/L, milligrams per liter; LD, less than detection limit; μg/L, micrograms per liter]


Constituent Group
Number of 
samples


Median Minimum Maximum


pH, in  
standard 
units


Least 3 7.92 7.64 8.16
Moderate 28 7.79 6.94 8.24
Substantial 12 7.37 5.98 7.57
Most 2 3.75 3.36 4.13


Calcium, in 
mg/L


Least 3 67.4 44.1 107


Moderate 28 220 52.9 463


Substantial 12 388 271 537


Most 2 458 436 479


Alkalinity as 
CaCO


3
,  


in mg/L


Least 3 161 125 230
Moderate 28 150 33.6 279
Substantial 12 103 24.9 177
Most 2 LD LD LD


Sulfate, in 
mg/L


Least 3 51.5 9.4 107


Moderate 28 343 29.0 761


Substantial 12 1,083 667 3,250


Most 2 3,595 3,510 3,680


Zinc, in μg/L Least 3 178 25.6 657


Moderate 28 3,380 12.8 25,500


Substantial 12 37,443 8,380 1,070,000
 Most 2 200,838 132,000 270,000
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Figure 6. Variation of pH with distance along the study reach for stream-water and inflow samples collected along Silver Creek, Utah, 
April 2004. 


Group D (orange diamonds; 5,251 m to 8,862 •	
m) – Concentrations of sulfate and zinc increased 
substantially a second time from the influence of 
the lower meadow tailings piles (fig. 7). Increases 
in both sulfate and zinc concentration occurred at 
the end of the middle injection reach, and again at 
the start of the lower injection reach. Particularly for 
zinc concentration, the increases were substantial 
and reflect the effect of the tailings, both in the lower 
meadow area (about 5,000 m to 7,142 m) and the Old 


Group C (yellow diamonds; 2,171 m to 4,800 m) – •	
Downstream from the point where water was diverted 
to the middle injection reach at 1,452 m, the first two 
stream-water samples (1,601 m and 1,843 m) were 
similar to the upstream stream-water samples (group 
A). However, there was a distinct change at 2,171 m 
that reflects the influence of the upper meadow tailings 
piles (fig. 1). Inflows from the upper meadow tailings 
piles caused substantial increases in both sulfate and 
zinc concentrations. Median concentrations between 
2,174 m and 4,800 m increased to 332 mg/L sulfate 
and 3,730 μg/L zinc (fig. 7A and B).


Big 4 mill area (7,142 m to 8,909 m). The mole ratio of 
the stream water for cadmium to zinc varies as a result 
of inflows in both these locations; first a decrease 
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Figure 7. Variation of (A) sulfate and (B) zinc concentrations with distance along the study reach for stream-water and inflow samples 
collected along Silver Creek Utah, April 2004.
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for stream-water and inflow samples collected along Silver Creek, Utah, April 2004.
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occurred in the ratio from 5,251 m through 6,322 m, 
and then a steady ratio occurred near 7,571 m (fig. 8). 


Group E (red diamonds; 8,909 m to 9,747 m) •	
– Compared to the upstream group, almost all 
concentrations  were lower as a result of dilution 
by the inflow of the WWTP (fig. 7), which entered 
Silver Creek at 8,881 m. Further dilution occurred 
downstream from the irrigation return flow at 9,360 m.


As described, the mole ratio of cadmium to zinc in 
stream-water samples indicates the influence of inflows from 
the tailings piles in the upper and the lower meadow areas (fig. 
8B). Waters from group A (dark blue diamonds) had a ratio 
near 0.0012, but at 2,171 m, the ratio increased to a nearly 
constant value of 0.0033 in response to high ratios of inflow 
waters. At 5,251 m, the instream ratio began to decrease in 
response to lower ratios of inflows from the lower meadow 
tailings piles, as noted above. In the lower injection reach, 
downstream from 7,142 m, the instream cadmium to zinc 
ratios in the stream-water samples were nearly constant. The 
initial change at 2,171 m and the subsequently constant ratio 
suggest the effect of tailings piles in the upper meadow area as 
a source of these metals. 


Concentrations of cadmium and zinc in stream-water of 
Silver Creek exceeded chronic aquatic-life standards (Utah 
Department of Administrative Services, 2005). All the stream-
water samples exceeded the hardness-based chronic toxicity 
level for zinc (fig. 7B). For cadmium, water samples collected 
from all stream sites downstream from 1,601 m exceeded 
the hardness-based chronic toxicity standard. All instream 
concentrations of copper, lead, and nickel were less than the 
calculated hardness-based chronic toxicity standards.


Ten locations from the lower injection reach included 
analysis of both the filtered and unfiltered samples (table 4). 
In all but the replicate sample at 9,438 m, aluminum, arsenic, 
copper, iron, lead, and silver were substantially in the colloidal 
phase. Cadmium and zinc were partly colloidal in some of the 
samples, but the remaining metals were mostly in the filtered 
phase. These metals commonly form or are sorbed to colloids 
in streams affected by mine drainage (Kimball and others, 
1995; Nordstrom and Alpers, 1999; Smith, 1999), particularly 
in the pH range of these Silver Creek samples. The presence of 
these metals in the colloidal phase suggests they may present a 
chronic toxicity problem in addition to the acute toxicity.


Principal Locations of Mass Loading
Detailed longitudinal profiles of loading along the 


study reach come from the combination of the spatially 
detailed discharge and chemical data and indicate where the 
most substantial loads enter the stream. Although the three 
separate injection reaches were studied on different days 
and under different flow regimes, the combination of results 
from all three can be unified to present a profile for the entire 


stream. This combination was accomplished by calculating 
significant changes (using equation 5) for each stream segment 
within each injection reach. These significant changes were 
then summed incrementally along each injection reach. 
The resulting load at the end of the upper injection reach 
was then used as the starting load for the middle injection 
reach. Likewise, the sum of changes at the end of the middle 
injection reach was used as the starting load for the lower 
injection reach. 


This calculation leads to a detailed longitudinal profile 
of mass loading for each element that represents sums of 
significant changes along the entire study reach. Note that 
the profile calculated in this manner does not represent the 
absolute load. For almost all the constituents, the profile can 
be summarized with reference to five principal locations, 
summarized in table 7, that account for most of the mass 
loading along the study reach. Three of the locations consist of 
only one stream segment (1, 4, and 5), while two locations are 
sums of the load contributions from several stream segments 
(2 and 3). Photographs of some of the principal locations 
are shown in figure 2. Mass loading at these five principal 
locations is illustrated with the load profiles of sulfate, 
aluminum, and zinc (figs. 9, 10, and 11, respectively).


Upstream from the Study Reach


The first stream segment, represented by the load at 0 
m, indicates the net loading from all upstream sources (fig. 
2A). Metal loading has been documented at several locations 
upstream from the study reach (Kimball and others, 2004). 
These upstream sources contribute more than 10 percent of the 
cumulative instream loads of calcium, magnesium, sodium, 
potassium, sulfate, chloride, aluminum, barium, chromium, 
and strontium. For example, sulfate load (fig. 9A) at the 
upstream end of the study reach was greater than 1,300 kg/
day; this segment contributed the second largest load of any 
individual stream segment for sulfate (fig. 9B).


Upper Meadow Tailings Piles


Six stream segments, from 2,171 m to 2,757 m (fig. 2B) 
represent the next principal location of mass loading. This 
stream reach is notable for the increase in loads of several 
metals, including aluminum (41 percent of total load), barium 
(31 percent), cadmium (23 percent), copper (23 percent), 
iron (33 percent), lead (19 percent), nickel (29 percent), and 
strontium (19 percent). This stream reach had the greatest 
loading for aluminum (fig. 10B), but the loadings of sulfate 
(fig. 9B) and zinc (fig. 11B) were relatively small in this 
stream reach. The sampled inflow load of aluminum for 
this area was about twice the sampled instream load (fig. 
10A). This result indicates that either the sampled inflow 
concentrations at the three inflows upstream from 2,171 
m were higher than the concentration of aluminum that 
actually affected the stream load, or else there was substantial 
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Table 7. Summary of principal locations of mass loading for Silver Creek, Utah, April 2004.


[<, less than]


Constituent


Area
Total


1 2 3 4 5 Others


Loading  
upstream  
from the  


study  
reach


Upper  
meadow  
tailings  


piles


Lower  
meadow  
tailings  


piles


Upstream  
from Pivotal  
Promontory  
access road


Downstream  
from waste-water 


treatment plant;  
Big 4 tailings


Sum of all  
other  


segments


Sum of all  
segments


Stream reach, in meters


0, start of study 
reach


2,171-2,337 
2,337-2,519 
2,519-2,637 
2,637-2,757


4,403-4,800 
4,800-5,251 
5,251-5,624 
5,624-5,950 
5,950-6,093 
6,093-6,322


6,332-7,142 8,862-8,909


Load, in kilograms per day


Calcium 725 236 980 559 480 1,098 4,078


Magnesium 184 53.6 222 121 88.3 249 919


Sodium 705 158 265 289 540 537 2,494


Potassium 14.1 2.31 15.4 14.9 31.1 35.4 113


Sulfate 1,320 443 1,877 1,400 683 2,019 7,743


Chloride 1,630 328 1,000 967 1,190 1,063 6,179


Silicon 16.2 9.29 22.3 27.6 28.8 72.6 177


Aluminum .067 .213 .115 .048 .032 .043 .518


Arsenic .010 .002 .063 .008 .018 .053 .154


Barium .304 .505 .061 .168 .134 .449 1.62


Cadmium .012 .145 .138 .122 < .001 .206 .623


Chromium .002 .001 .011 .000 .001 .002 .017


Copper .009 .052 .079 .028 .008 .052 .228


Iron .061 .749 .713 .281 .042 .431 2.28


Lead .007 .031 .030 .024 < .001 .071 .163


Manganese 1.41 .813 5.31 3.32 < .001 5.14 16.0


Molybdenum .007 .009 .008 .006 .048 .017 .095


Nickel .012 .038 .027 .030 < .001 .023 .130


Strontium 3.53 4.24 3.70 3.41 1.78 5.70 22.4


Zinc 5.98 9.90 40.5 27.5 < .001 41.0 125
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precipitation of aluminum from the stream before the 
samples were collected at 2,171 m. The kinetics of aluminum 
precipitation as hydroxide phases are rapid, and at the 
relatively high pH of Silver Creek, rapid precipitation is likely 
(Broshears and others, 1996; Lydersen and others, 1991).


Lower Meadow Tailings Piles


Six stream segments, from 4,403 m to 6,322 m, 
represent the lower meadow mass loading (fig. 2C and D). 
This area was important for loading of several constituents, 
including calcium, magnesium, sulfate, aluminum, arsenic, 
chromium, copper, iron, nickel, and zinc. Zinc loading was 
particularly important, and the sum of the six stream-segment 
contributions resulted in the largest contribution of zinc along 
the entire study reach (fig. 11B). 


Upstream from Pivotal Promontory Access Road


A single segment, from 6,332 m to 7,120 m, accounts 
for a substantial amount of the total mass loading (fig. 2C). 
This single segment contributed more than 10 percent of the 
total load for every constituent except aluminum, arsenic, and 
chromium. The pond upstream from the access road (fig. 2C) 
area may be a result of ground-water discharge to the stream 
and merits further study. 


Waste-Water Treatment Plant and Old Big 4 Mill 
Tailings


Another single segment, from 8,862 m to 8,909 m, is the 
last principal location of mass loading to the stream (fig. 2D). 
The single segment that receives discharge from the WWTP 
also receives inflow from the right bank that drains tailings. 
This location differs from the other four principal locations 
of loading because it essentially contributed no cadmium, 
manganese, lead, nickel, or zinc load (table 7). Individual 
discharge measurements were not made on these two inflows, 
but chemical mass balance indicates that the metal loading that 
did occur came principally from the tailings while major ion 
loading came from the WWTP.


Other Sources


The sum of all other stream segments (table 7) indicates 
the importance of dispersed locations of mass loading. 
Contributions of metals from other areas of the study reach 
are substantial for calcium, magnesium, potassium, sulfate, 
silica, arsenic, cadmium, lead, and zinc. These dispersed metal 
loadings reflect the widespread occurrence of tailings along 
the study reach. Tailings are not just localized in the principal 
locations where loading occurred.


Comparison between 2002 and 2004


Comparison of the loads between the 2002 and 2004 
studies can help evaluate whether loads from 2004 were high 
because of the storm and snowmelt runoff. Four sampling 
points were common between the two studies, and the 
relation of zinc loads for the two studies is shown in figure 
12. Although zinc load in 2004 was initially smaller than zinc 
load in 2002 both upstream and downstream from Richardson 
Flat (fig. 12, bars A and B), the 2004 load upstream from 
the WWTP (bar C) was substantially greater than the load in 
2002. Part of the difference is a result of the diversion of flow 
for this study at 1,492 m. This additional water in the channel 
could have released the zinc from the streambed or facilitated 
release of greater loads from the tailings piles. However, even 
though the 2004 loads are much greater, the pattern of loading 
that indicates the principal locations of loading is still valid.


Summary and Conclusions
Detailed mass-loading profiles provide information 


to facilitate science-based decisions about targets for 
remediation. The significance of any particular source must 
be evaluated in the context of its metal loading. The study 
done on the southern portion of lower Silver Creek in Summit 
County, Utah, by the U.S. Geological Survey in cooperation 
with the Utah Department of Environmental Quality, Division 
of Water Quality, has provided discharge and chemical data 
to develop mass-loading profiles to indicate the principal 
locations where historical mill tailings are sources of metal 
load to the stream. Discharge was estimated by using a 
bromide tracer injection in three separate injection reaches. 
Although storms occurred between the injections, causing 
changes in discharge, the discharge values obtained in the 
separate injections were adequate to combine for mass-loading 
profiles. Detailed synoptic sampling provided an indication of 
the types of inflows affecting Silver Creek and also the major 
changes in stream chemical character along the study reach. 
These changes corresponded to the principal locations of metal 
loading to the stream, including (1) the beginning of the study 
reach, where an accounting of loading from upstream sources 
was possible, (2) the upper meadow tailings piles, from 
ground-water discharge, (3) the lower meadow tailings piles, 
from ground-water discharge, (4) the stream segment upstream 
from the Pivotal Promontory access road (6,322 m – 7,142 
m), and (5) the stream segment where WWTP and additional 
ground-water discharge from Old Big 4 tailings occurs (8,862 
m – 8,909 m). With loading data these principal sources can be 
appropriately compared.
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Figure 9. (A) Variation of sulfate load with distance along the study reach and (B) change in sulfate load for individual stream 
segments, Silver Creek, Utah, April 2004.
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Figure 10. (A) Variation of aluminum load with distance along the study reach and (B) change in aluminum load for individual stream 
segments, Silver Creek, Utah, April 2004.
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Figure 11. (A) Variation of zinc load with distance along the study reach and (B) change in zinc load for individual stream segments, 
Silver Creek, Utah, April 2004.
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Figure 12. Zinc load at common sampling sites from studies in 
2002 and 2004, Silver Creek, Utah.
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Table 2. Bromide concentration of synoptic water samples and characteristics of the sites at which the samples were collected, Silver 
Creek, Utah, April 2004.


[Source: S, stream; LBI, left-bank inflow; RBI, right-bank inflow; Bromide: mg/L, milligrams per liter; Discharge: L/s, liters per second; NC, not calculated; NM, 
not measured; <, less than]


Sample  
identifi-  
cation


Distance,  
(meters)


Source Description
Northing,  
(meters)


Easting,  
(meters)


Sample date  
and time


Bromide,  
(mg/L)


Dis-  
charge,  


(L/s)


Upper injection reach
SQ1-0000 0 S T0 Upper - Injection site below U.S. Highway 


40 bridge
4503080 461067 4/15/04  11:57 0.13 53.2


SQ1-0061 61 LBI Discharge with iron staining from willows 4503135 461094 4/15/04  11:53 .58 NC
SQ1-0101 101 S Upstream from “upstream tailings” 4503166 461120 4/15/04  11:46 4.14 53.2
SQ1-0250 250 S Midway along the tailings in the left bank 4503278 461186 4/15/04  11:41 4.23 53.2
SQ1-0428A 428 S T1 Upper - Upstream from  Richardson Flat tail-


ings influence
4503443 461292 4/15/04  11:35 4.11 53.2


SQ1-0428B 428 S T1 Upper - Upstream from  Richardson Flat tail-
ings influence


4503443 461292 4/15/04  11:36 3.98 53.2


SQ1-0525 525 S Upstream from pond area and bridge 4503456 461289 4/15/04  11:25 4.24 53.2
SQ1-0625 625 LBI Pace-Homer ditch inflow; left of bridge 4503635 461337 4/15/04  11:20 3.25 NC
SQ1-0681 672 LBI Small ditch upstream from highway 4503706 461323 4/15/04  11:03 1.79 NC
SQ1-0682 682 LBI Black pipe spewing orange floc; source un-


known
4503716 461326 4/15/04  10:58 1.28 NC


SQ1-0731 731 S Downstream end of left, smaller culvert at 
highway


4503751 461331 4/15/04  13:16 4.22 NC


SQ1-0757 757 LBI Ditch downstream from highway 4503764 461316 4/15/04  10:31 3.63 NC
SQ1-0770 770 LBI Draining ditch on downstream side of highway 4503790 461331 4/15/04  10:01 < .03 NC
SQ1-0861 861 S Right channel - downstream end of larger culvert 


at highway
4503690 461409 4/15/04  10:15 2.07 NC


SQ1-1050 1,050 RBI Right channel - ditch from area of Richardson 
Flat


4503814 461499 4/15/04  10:08 .24 NC


SQ1-1095 1,095 S Upstream end of culvert under rail trail 4503991 461348 4/15/04  9:55 4.01 NC
SQ1-1148 1,148 RBI Right channel - second ditch from area of Rich-


ardson Flat?
4503896 461517 4/15/04  9:52 3.59 NC


SQ1-1229 1,229 S Right channel - downstream from small pond in 
channel


4504001 461523 4/15/04  9:41 1.97 NC


SQ1-1235 1,235 RBI Channel draining meadow area 4504147 461456 4/15/04  9:49 .16 NC
SQ1-1300 1,300 S Upstream from return of irr ditch 4504211 461461 4/15/04  9:18 3.87 NC
SQ1-1309 1,309 RBI T2 Upper - Right channel - returning ditch 4504220 461465 4/15/04  13:25 2.01 NC
SQ1-1371A 1,371 S At old flume in stream 4504277 461445 4/15/04  9:13 3.30 64.0
SQ1-1371B 1,371 S At old flume in stream 4504277 461445 4/15/04  9:14 3.30 64.0
SQ1-1452 1,452 S T3 Upper - At diversion to wetland 4504334 461388 4/15/04  9:07 3.17 66.8
SQ1-1744 1,744 S Irrigation ditch blw culvert near wetland; 2002 


sample site
4504394 461305 4/15/04  9:26 NM NM


Middle injection reach
SQ2-1601 1,601 S T0 Middle - Injection site downstream from 


wetland culvert
4504379 461263 4/9/04  11:55 .11 70.9


SQ2-1843B 1,843 S T1 Middle - At fence at end of wetland 4504455 461182 4/9/04  11:50 2.63 70.9
SQ2-1843C 1,843 S T1 Middle - At fence at end of wetland 4504455 461182 4/9/04  11:51 2.58 70.9
SQ2-1843A 1,843 S T1 Middle - At fence at end of wetland 4504455 461182 4/9/04  8:58 2.47 70.9
SQ2-1959 1,959 S Upstream from tailings inflow - questioned 


chemistry
4504540 461108 4/9/04  11:57 2.49 70.9


SQ2-1965 1,965 RBI Pond at end of long talings pile 4504550 461114 4/9/04  11:10 .14 NC
SQ2-2048 2,048 RBI Location of several inflows 4504602 461073 4/9/04  11:04 2.58 NC
SQ2-2118 2,118 RBI Homer Spring inflow to irrigation ditch; no input 


to stream
4504707 461143 4/9/04  11:08 .03 NM


SQ2-2171 2,171 S Downstream from area of right bank inflows 4504698 461039 4/9/04  12:00 2.60 70.9
SQ2-2337 2,337 S After braids have come back together 4504854 460993 4/9/04  12:07 2.64 70.9
SQ2-2387 2,387 LBI Near tailings piles on right bank 4504904 460970 4/9/04  10:50 .91 NC
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Table 2. Bromide conentration of synoptic water samples and characteristics of the sites at which the samples were collected, Silver 
Creek, Utah, April 2004—Continued. 


Sample  
identifi-  
cation


Distance,  
(meters)


Source Description
Northing,  
(meters)


Easting,  
(meters)


Sample date  
and time


Bromide,  
(mg/L)


Dis-  
charge,  


(L/s)


Middle injection reach—Continued
SQ2-2431 2,447 LBI Drains large area with tailings off to left 4504936 460948 4/9/04  10:45 .24 NC
SQ2-2560 2,519 S Between upstream left bank inflows and down-


stream right bank inflows
4505061 460919 4/9/04  12:13 2.42 78.4


SQ2-2569 2,528 RBI Drains from tailings pile 4505069 460916 4/9/04  10:42 < .03 NC
SQ2-2678 2,637 S Downstream from tailings inflow; to collect 


inflows
4505174 460886 4/9/04  12:20 2.28 84.0


SQ2-2718 2,677 RBI Pond from tailings drainage 4505213 460880 4/9/04  10:36 .17 NC
SQ2-2730 2,757 S At fence below property corner 4505275 460870 4/9/04  12:24 2.14 86.5
SQ2-2785 2,847 S Downstream from where stream cuts through 


corner of property
4505276 460872 4/9/04  12:33 2.32 88.3


SQ2-2780 2,892 RBI Direct drainage from tailings pile with Ulothrix 4505410 460823 4/9/04  10:30 1.92 NC
SQ2-2810 2,927 S At old skull in stream 4505430 460789 4/9/04  12:28 2.16 89.9
SQ2-3027 3,144 LBI Drains flat area; no tailings piles visible 4505480 460761 4/9/04  10:19 1.37 NC
SQ2-3045 3,162 RBI Draining from tailings piles 4505495 460766 4/9/04  10:17 1.82 NC
SQ2-3254B 3,371 S T2 Middle - Upstream from old tree 4505676 460685 4/9/04  12:41 2.28 96.3
SQ2-3254A 3,371 S T2 Middle - Upstream from old tree 4505676 460685 4/9/04  21:54 2.09 96.3
SQ2-3379 3,496 S Downstream from area where stream is ponded 4505790 460634 4/9/04  12:46 2.00 98.1
SQ2-3598 3,715 RBI Small pool on right bank; sample puddle 4505963 460558 4/9/04  10:04 .33 NC
SQ2-3602 3,719 LBI Drains tailings to left of stream 4505965 460544 4/9/04  10:01 .84 NC
SQ2-3784A 3,901 S Upstream from point where flow disperses; 


made a new diversion to right
4506113 460461 4/9/04  12:55 2.03 100


SQ2-3784B 3,901 S Upstream from point where flow disperses; 
made a new diversion to right


4506113 460461 4/9/04  12:56 2.03 100


SQ2-4000 4,117 RBI Inflow from natural channel; ditch from left of 
rail trail; strm water


4506264 460493 4/9/04  9:52 .81 NC


SQ2-4050 4,167 S Location to check with discharge measurement 
and Br


4506351 460427 4/9/04  13:04 1.87 106


SQ2-4286 4,403 S After gathering back together into channel; 
could be irrigation ditch


4506561 460311 4/9/04  13:10 1.75 116


SQ2-4292 4,409 LBI Draining area where stream dispersd 4506560 460310 4/9/04  9:44 .25 NC
SQ2-0054 4,517 LBI Draining wide area to left of stream 4506643 460231 4/9/04  9:40 .43 NC
SQ2-0061 4,800 S Downstream from gathered dispersion 4506713 460011 4/9/04  13:19 2.22 122
SQ2-0080 5,251 S Downstream from area where stream is ponded 4507164 460015 4/9/04  13:32 1.57 133
SQ2-0096 5,493 RBI Drainage has some flow to stream; tailings in 


soil to right
4507409 460024 4/9/04  9:23 .35 NC


SQ2-0100 5,624 S Downstream from possible tailings inflow 4507538 460003 4/9/04  13:39 1.49 143
SQ2-0108 5,833 RBI Orange stained inflow 4507710 459965 4/9/04  9:15 < .03 NC
SQ2-0109 5,843 RBI Draining tailings 4507703 459959 4/9/04  10:15 .26 NC
SQ2-0149 5,878 RBI Sample away from stream; water not draining to 


stream
4507755 459965 4/9/04  9:12 < .03 NC


SQ2-0113 5,950 S Upstream from many tailings mounds 4507805 459931 4/9/04  13:50 1.34 145
SQ2-0120 6,045 RBI Draining tailings, maybe from storm, orange 


plume
4507870 459866 4/9/04  9:05 .06


SQ2-0122 6,093 S To account for inflows and separate tailings 
below


4507907 459836 4/9/04  13:55 1.87 146


SQ2-0135 6,322 S T3 Middle - Upstream from pond above Prom-
ontory Road


4508017 459664 4/9/04  14:04 1.45 147


SQ2-0137 6,353 RBI Orange inflow; farther right 4508045 459653 4/9/04  8:55 .63 NC
SQ2-0005 7,259 S End of middle injection reach 4508154 459567 4/9/04  14:12 1.48 177
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Table 2. Bromide conentration of synoptic water samples and characteristics of the sites at which the samples were collected, Silver 
Creek, Utah, April 2004—Continued. 


Sample  
identifi-  
cation


Distance,  
(meters)


Source Description
Northing,  
(meters)


Easting,  
(meters)


Sample date  
and time


Bromide,  
(mg/L)


Dis-  
charge,  


(L/s)


Lower injection reach
SQ3-005 7,142 S T0 Lower - Injection site downstream from 


Promontory culvert
4508154 459567 4/6/04  12:20 .29 53.8


SQ3-008 7,161 S First site downstream from injection for dis-
charge


4508170 459557 4/6/04  12:22 7.37 53.8


SQ3-010 7,185 RBI Draining tailings toward old “Big 4” mill site 4508186 459550 4/6/04  11:35 2.17 NC
SQ3-012 7,208 S T1 Lower - Downstream from first tailings 


inflow
4508206 459530 4/6/04  12:30 7.78 53.8


SQ3-018 7,276 S To capture right bank inflows 4508258 459504 4/6/04  12:35 7.52 55.8
SQ3-024 7,365 RBI Ponds along berm line to east 4508333 459470 4/6/04  11:30 .08 NC
SQ3-025 7,366 LBI Draing from pond toward BFI Disposal land 4508333 459462 4/6/04  11:25 .28 NC
SQ3-032 7,397 S To capture both inflow upstream 4508385 459469 4/6/04  12:40 7.32 57.3
SQ3-039 7,470 S Upstream from inflow from marsh draining 


along fence
4508519 459468 4/6/04  12:45 7.27 57.7


SQ3-042 7,491 LBI Draining from marsh area along much of BFI 
land


4508512 459419 4/6/04  11:20 .85 NC


SQ3-048 7,571 S Downstream from inflow along fence 4508596 459474 4/6/04  12:50 6.86 59.9
SQ3-056 7,687 S Downstream from area where stream is ponded 4508682 459466 4/6/04  12:55 6.91 60.9
SQ3-060 7,730 LBI Draining tailings toward old mill site; pool away 


from stream
4508724 459465 4/6/04  11:10 .76 NC


SQ3-066 7,825 S Near right bank talings in flood plain 4508802 459510 4/6/04  13:00 6.91 60.9
SQ3-083 8,009 RBI Small, unconnected pools along ditch 4508923 459558 4/6/04  11:05 .13
SQ3-097 8,225 S Downstream from tailings inflows on both sides 


of stream
4509047 459627 4/6/04  13:10 6.92 60.9


SQ3-115 8,449 RBI Pond on right bank away from stream 4509256 459651 4/6/04  10:50 .13 NC
SQ3-121 8,497 LBI Draining in small grassy channel 4509258 459596 4/6/04  10:45 .27 NC
SQ3-127 8,591 S Gathering of the upstream inflows 4509340 459649 4/5/04  13:15 7.22 60.9
SQ3-131 8,701 LBI Pond by waste-water treatment plant 4509394 459683 4/6/04  10:38 .13 NC
SQ3-140 8,862 S T2 Lower - Upstream from waste-water treat-


ment plant inflow
4509453 459779 4/6/04  13:22 7.29 60.9


SQ3-141 8,881 LBI Discharge from waste-water treatment plant 4509467 459792 4/6/04  10:22 .13 NC
SQ3-142 8,886 RBI Drains area to right including pond 4509471 459795 4/6/04  10:11 .11 NC
SQ3-145 8,909 S Stream below gage and waste-water treatment 


plant inflow
4509493 459803 4/5/04  13:34 3.99 96.3


SQ3-172 9,355 S Upstream from irrigation return flow 4509894 459888 4/6/04  13:45 4.50 96.3
SQ3-173 9,360 RBI Return flow from irrigation ditch, through dairy 


farm
4509899 459889 4/6/04  9:54 .40 NC


SQ3-178A 9,438 S Downstream from irrigation return flow 4509965 459867 4/6/04  13:48 4.22 103
SQ3-178B 9,438 S Downstream from irrigation return flow 4509965 459867 4/6/04  13:50 4.22 103
SQ3-186 9,562 LBI Discharge from stream on left 4510076 459820 4/6/04  9:48 .03 NC
SQ3-189 9,598 LBI Seep inflow of very high conductance 4510111 459829 4/6/04  9:45 .13 NC
SQ3-193 9,719 S Dowstream from high conductance seeps 4510190 459901 4/6/04  13:58 3.81 115
SQ3-194 9,725 RBI Draining dairy farm 4510194 459905 4/6/04  9:34 .06 NC
SQ3-196 9,747 S T3 Lower - Downstream from bridge to dairy 4510215 459905 4/6/04  14:00 3.65 121
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Table 3. Concentration of major ions in synoptic water samples collected along Silver Creek, Utah, April 2004.


[Source: S, stream; LBI, left-bank inflow; RBI, right-bank inflow; Filter: FA, filtered acidified; RA, unfiltered acidified; Temperature: °C, degrees Celsius; pH, 
in standard units; mg/L, milligrams per liter; NV, no value; <, less than; NR, not recorded]


Sample 
identifi- 
cation


Distance
(meters)


Source Filter
Temp-


erature
(°C)


pH
Calcium
(mg/L)


Magne-
sium


(mg/L)


Sodium
(mg/L)


Potas-
sium


(mg/L)


Alkalinity 
as CaCO3


(mg/L)


Sulfate
(mg/L)


Chloride
(mg/L)


Silica
as Si


(mg/L)


SQ1-0000 0 S FA 7.0 8.06 158 40.1 153 3.06 135 286 354 3.53
SQ1-0061 61 LBI FA 9.0 7.68 231 54.5 117 2.33 188 424 332 8.25
SQ1-0101 101 S FA 7.5 8.04 158 39.7 153 2.91 137 287 357 3.65
SQ1-0250 250 S FA 7.5 8.01 159 40.1 156 2.87 134 286 361 3.65
SQ1-0428A 428 S FA 7.0 8.04 166 41.4 160 2.91 132 291 367 3.68
SQ1-0428B 428 S FA 7.0 8.01 163 41.0 158 2.90 134 293 365 3.72
SQ1-0525 525 S FA 7.0 8.08 162 40.6 157 2.86 135 291 369 3.96
SQ1-0625 625 LBI FA 7.0 7.89 194 47.4 152 3.36 141 318 383 4.76
SQ1-0681 672 LBI FA 6.5 7.60 225 58.5 238 3.17 150 270 687 6.76
SQ1-0682 682 LBI FA 9.0 6.94 267 67.8 213 2.28 174 551 568 9.41
SQ1-0731 731 S FA 6.5 7.93 168 42.1 166 3.03 137 297 393 4.04
SQ1-0757 757 LBI FA 7.0 7.95 172 42.8 169 2.92 137 297 392 3.48
SQ1-0770 770 LBI FA 7.0 7.62 463 96.8 646 3.14 156 194 1,880 7.90
SQ1-0861 861 S FA 6.0 7.82 179 41.9 123 2.92 160 337 281 6.09
SQ1-1050 1,050 RBI FA 6.0 7.87 218 45.2 130 5.71 178 322 379 NV
SQ1-1095 1,095 S FA 6.0 8.01 177 43.9 177 3.04 138 295 426 4.01
SQ1-1148 1,148 RBI FA 5.5 7.90 189 46.0 182 3.03 141 309 442 3.86
SQ1-1229 1,229 S FA 5.0 7.84 185 42.9 123 3.23 165 344 291 7.11
SQ1-1235 1,235 RBI FA 5.0 7.35 286 72.6 116 4.03 157 761 307 12.2
SQ1-1300 1,300 S FA 6.0 7.96 182 44.3 178 3.03 141 304 434 4.12
SQ1-1309 1,309 RBI FA 5.5 7.81 184 42.2 120 3.22 167 344 294 7.45
SQ1-1371A 1,371 S FA 5.5 7.91 185 43.9 158 3.12 149 316 374 4.95
SQ1-1371B 1,371 S FA 5.5 7.97 184 43.9 157 3.11 148 315 375 5.00
SQ1-1452 1,452 S FA 5.5 7.98 181 43.6 154 2.97 149 320 375 5.10
SQ2-1601 1,601 S FA NR 8.12 163 39.4 143 3.30 141 302 338 6.73
SQ1-1744 1,744 S FA 4.0 7.25 230 60.2 152 3.70 158 525 386 9.98
SQ2-1843A 1,843 S FA NR 8.12 167 39.4 160 3.40 144 292 361 6.63
SQ2-1843B 1,843 S FA NR 8.03 166 39.8 152 3.44 144 301 360 6.64
SQ2-1843C 1,843 S FA NR 7.95 167 39.9 153 3.34 144 300 359 6.67
SQ2-1959 1,959 S FA NR 8.19 169 40.5 154 3.55 145 302 362 6.77
SQ2-1965 1,965 RBI FA NR 3.36 479 286 177 4.26 <  .5 3,510 492 29.7
SQ2-2048 2,048 RBI FA NR 7.79 174 40.3 144 3.57 138 343 332 7.22
SQ2-2118 2,118 RBI FA NR 8.16 44.1 10.4 17.1 2.29 125 9.41 39.7 21.8
SQ2-2171 2,171 S FA NR 8.07 172 40.1 156 3.53 140 319 371 6.93
SQ2-2337 2,337 S FA NR 8.03 175 41.5 157 3.59 142 318 374 7.23
SQ2-2431 2,447 LBI FA NR 7.95 179 47.4 123 4.13 194 104 454 8.72
SQ2-2560 2,519 S FA NR 8.01 179 42.4 154 3.59 140 321 386 7.34
SQ2-2569 2,528 RBI FA NR 7.03 275 67.0 140 7.16 127 730 361 15.8
SQ2-2678 2,637 S FA NR 7.98 180 42.4 154 3.57 141 330 381 7.39
SQ2-2718 2,677 RBI FA NR 7.31 247 61.9 116 4.84 176 604 301 14.7
SQ2-2730 2,757 S FA NR 7.94 184 43.3 154 3.69 141 332 384 7.56
SQ2-2785 2,847 S FA NR 7.94 186 43.5 155 3.71 142 331 382 7.67
SQ2-2780 2,892 RBI FA NR 7.80 198 45.6 152 4.22 138 365 380 8.85
SQ2-2810 2,927 S FA NR 7.94 184 43.5 155 3.75 139 331 383 7.59
SQ2-3027 3,144 LBI FA NR 7.80 193 47.1 128 4.40 142 336 363 9.82
SQ2-3045 3,162 RBI FA NR 7.76 213 48.8 148 4.71 137 411 374 9.49
SQ2-3254A 3,371 S FA NR 7.91 188 44.3 153 3.90 141 335 378 7.86
SQ2-3254B 3,371 S FA NR 7.97 187 43.9 152 3.69 141 341 377 7.83
SQ2-3379 3,496 S FA NR 7.94 190 44.8 153 3.72 141 343 380 7.95
SQ2-3598 3,715 RBI FA NR 7.27 438 117 185 10.1 85.7 1,300 469 8.45
SQ2-3602 3,719 LBI FA NR 7.35 247 63.2 123 4.09 121 600 370 12.1
SQ2-3784A 3,901 S FA NR 7.98 190 44.7 149 3.61 141 355 383 7.93
SQ2-3784B 3,901 S FA NR 7.96 192 45.2 152 3.55 141 355 383 8.09
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Table 3. Concentration of major ions in synoptic water samples collected along Silver Creek, Utah, April 2004—Continued.


Sample 
identifi- 
cation


Distance
(meters)


Source Filter
Temp-


erature
(°C)


pH
Calcium
(mg/L)


Magne-
sium


(mg/L)


Sodium
(mg/L)


Potas-
sium


(mg/L)


Alkalinity 
as CaCO3


(mg/L)


Sulfate
(mg/L)


Chloride
(mg/L)


Silica
as Si


(mg/L)


SQ2-4000 4,117 RBI FA NR 7.79 208 48.2 140 3.77 151 402 370 9.04
SQ2-4050 4,167 S FA NR 7.99 202 47.5 150 3.83 142 380 376 8.52
SQ2-4286 4,403 S FA NR 8.02 200 46.9 148 3.80 142 378 380 8.45
SQ2-4292 4,409 LBI FA NR 7.61 271 69.8 146 4.72 134 601 458 8.69
SQ2-0054 4,517 LBI FA NR 7.81 306 82.7 162 5.51 154 475 638 11.6
SQ2-0061 4,800 S FA NR 8.01 205 48.2 151 3.87 141 376 384 8.44
SQ2-0080 5,251 S FA NR 7.96 213 49.9 152 4.27 143 388 390 8.76
SQ2-0096 5,493 RBI FA NR 7.57 294 70.1 107 4.63 141 667 345 12.4
SQ2-0100 5,624 S FA NR 7.88 232 53.5 146 4.33 141 437 389 9.05
SQ2-0108 5,833 RBI FA NR 7.65 237 50.4 61.0 3.76 132 556 215 13.3
SQ2-0109 5,843 RBI FA NR 7.32 321 76.7 68.4 6.28 109 1,040 181 14.3
SQ2-0149 5,878 RBI FA NR 5.98 453 181 104 20.0 24.9 3,250 301 15.1
SQ2-0113 5,950 S FA NR 7.86 238 55.2 145 4.40 140 452 386 9.29
SQ2-0120 6,045 RBI FA NR 4.13 436 154 145 9.36 < .1 3,680 136 28.7
SQ2-0122 6,093 S FA NR 7.83 231 53.9 141 4.46 141 457 381 9.42
SQ2-0135 6,322 S FA NR 7.83 236 55.3 144 4.32 140 460 384 9.35
SQ2-0137 6,353 RBI FA NR 7.46 271 70.8 72.2 11.4 53.2 988 141 15.7
SQ2-0005 7,120 S FA NR 7.88 233 54.0 139 4.57 134 475 383 9.60
SQ3-005 7,142 S FA 10.5 7.97 239 61.8 147 4.49 144 538 409 10.0
SQ3-008 7,161 S FA 10.5 7.97 231 62.0 148 4.34 146 535 407 9.72
SQ3-008 7,161 S RA 10.5 7.97 243 62.7 149 4.35 146 535 407 9.98
SQ3-010 7,185 RBI FA 12.0 7.54 429 88.4 167 6.22 120 1,120 435 9.33
SQ3-010 7,185 RBI RA 12.0 7.54 424 88.4 165 6.03 120 1,120 435 8.79
SQ3-012 7,208 S FA 11.0 7.93 235 61.8 152 4.51 138 533 412 9.77
SQ3-018 7,276 S FA 10.5 7.92 241 63.0 150 4.49 142 541 413 9.83
SQ3-024 7,365 RBI FA 14.0 7.42 311 68.0 53.1 7.70 78.3 1,050 81.1 9.46
SQ3-025 7,366 LBI FA 7.0 7.09 510 123 121 6.59 80.2 1,610 423 11.0
SQ3-032 7,397 S FA 10.5 7.93 241 62.2 153 4.53 138 542 407 9.99
SQ3-032 7,397 S RA 10.5 7.93 240 61.8 147 4.37 138 542 407 9.83
SQ3-039 7,470 S FA 10.5 7.95 244 62.4 152 4.42 143 438 404 9.97
SQ3-042 7,491 LBI FA 12.0 7.69 234 65.8 185 4.17 173 333 549 13.5
SQ3-048 7,571 S FA 10.0 8.05 237 61.4 150 4.60 143 544 408 9.84
SQ3-056 7,687 S FA 9.5 8.11 239 62.6 150 4.56 141 546 414 10.2
SQ3-060 7,730 LBI FA 7.5 6.89 537 127 221 6.69 177 1,480 645 11.9
SQ3-060 7,730 LBI RA 7.5 6.89 532 128 218 6.53 177 1,480 645 11.6
SQ3-066 7,825 S FA 10.0 8.10 238 61.4 149 4.49 141 552 407 9.96
SQ3-083 8,009 RBI FA 15.0 7.53 461 89.8 94.4 10.5 96.6 1,450 177 7.27
SQ3-097 8,225 S FA 10.0 8.12 243 62.0 151 4.55 139 554 406 10.5
SQ3-115 8,449 RBI FA 5.0 7.59 52.9 10.6 24.0 .85 33.5 131 58.1 2.25
SQ3-121 8,497 LBI FA 11.0 7.50 346 73.2 140 4.93 116 976 349 11.5
SQ3-127 8,591 S FA 10.0 8.12 242 63.1 147 4.52 147 568 409 9.95
SQ3-127 8,591 S RA 10.0 8.12 239 61.2 144 4.07 147 568 409 9.64
SQ3-131 8,701 LBI FA 12.0 7.80 222 45.5 124 5.06 146 516 271 8.47
SQ3-140 8,862 S FA 10.5 8.13 261 64.6 156 4.75 142 567 411 10.2
SQ3-141 8,881 LBI FA 12.0 8.24 156 39.7 211 11.8 147 268 399 11.0
SQ3-142 8,886 RBI FA 7.0 7.93 260 58.8 74.5 3.02 206 521 262 13.0
SQ3-145 8,909 S FA 12.0 8.15 223 51.5 164 6.74 145 441 403 9.91
SQ3-145 8,909 S RA 12.0 8.15 227 53.1 170 7.43 145 441 403 10.2
SQ3-172 9,355 S FA 12.5 8.12 237 55.1 161 6.66 142 467 397 10.5
SQ3-173 9,360 RBI FA 7.5 7.91 201 49.3 62.5 6.11 188 310 247 15.9
SQ3-178A 9,438 S FA 13.0 7.87 235 54.6 158 6.74 145 458 385 11.0
SQ3-178A 9,438 S RA 13.0 7.87 239 55.2 157 6.56 145 458 385 11.2
SQ3-178B 9,438 S FA 13.0 8.12 235 54.2 154 6.57 147 460 384 10.8
SQ3-178B 9,438 S RA 13.0 8.12 260 65.4 151 4.93 147 460 384 10.6
SQ3-186 9,562 LBI FA 9.5 7.92 67.4 16.8 26.2 3.24 161 51.5 55.9 18.2
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Table 3. Concentration of major ions in synoptic water samples collected along Silver Creek, Utah, April 2004—Continued.


Sample 
identifi- 
cation


Distance
(meters)


Source Filter
Temp-


erature
(°C)


pH
Calcium
(mg/L)


Magne-
sium


(mg/L)


Sodium
(mg/L)


Potas-
sium


(mg/L)


Alkalinity 
as CaCO3


(mg/L)


Sulfate
(mg/L)


Chloride
(mg/L)


Silica
as Si


(mg/L)


SQ3-189 9,598 LBI FA 7.5 7.75 438 121 286 50.4 279 29.0 1,400 15.9
SQ3-193 9,719 S FA 13.0 7.82 221 51.8 145 6.50 148 422 363 11.7
SQ3-193 9,719 S RA 13.0 7.82 220 51.4 144 6.35 148 422 363 11.8
SQ3-194 9,725 RBI FA 7.0 7.64 107 20.4 24.5 10.6 230 107 61.1 16.8
SQ3-196 9,747 S FA 13.5 7.89 208 49.4 147 6.88 147 409 361 12.1
SQ3-196 9,747 S RA 13.5 7.89 216 50.4 144 6.63 147 409 361 11.9
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FOREWORD


The U.S. Geological Survey (USGS) is committed to serve the Nation with accurate and timely scientific infor-
mation that helps enhance and protect the overall quality of life, and facilitates effective management of water, biolog-
ical, energy, and mineral resources. (http://www.usgs.gov/). Information on the quality of the Nation’s water resources 
is of critical interest to the USGS because it is so integrally linked to the long-term availability of water that is clean 
and safe for drinking and recreation and that is suitable for industry, irrigation, and habitat for fish and wildlife. Esca-
lating population growth and increasing demands for the multiple water uses make water availability, now measured in 
terms of quantity and quality, even more critical to the long-term sustainability of our communities and ecosystems.


The USGS implemented the National Water-Quality Assessment (NAWQA) Program to support national, 
regional, and local information needs and decisions related to water-quality management and policy. (http://
water.usgs.gov/nawqa).  Shaped by and coordinated with ongoing efforts of other Federal, State, and local agencies, 
the NAWQA Program is designed to answer: What is the condition of our Nation’s streams and ground water? How are 
the conditions changing over time? How do natural features and human activities affect the quality of streams and 
ground water, and where are those effects most pronounced? By combining information on water chemistry, physical 
characteristics, stream habitat, and aquatic life, the NAWQA Program aims to provide science-based insights for cur-
rent and emerging water issues and priorities.  NAWQA results can contribute to informed decisions that result in prac-
tical and effective water-resource management and strategies that protect and restore water quality.


Since 1991, the NAWQA Program has implemented interdisciplinary assessments in more than 50 of the 
Nation’s most important river basins and aquifers, referred to as Study Units. (http://water.usgs.gov/nawqa/
nawqamap.html). Collectively, these Study Units account for more than 60 percent of the overall water use and popula-
tion served by public water supply, and are representative of the Nation’s major hydrologic landscapes, priority ecolog-
ical resources, and agricultural, urban, and natural sources of contamination. 


Each assessment is guided by a nationally consistent study design and methods of sampling and analysis. The 
assessments thereby build local knowledge about water-quality issues and trends in a particular stream or aquifer while 
providing an understanding of how and why water quality varies regionally and nationally. The consistent, multi-scale 
approach helps to determine if certain types of water-quality issues are isolated or pervasive, and allows direct compar-
isons of how human activities and natural processes affect water quality and ecological health in the Nation’s diverse 
geographic and environmental settings. Comprehensive assessments on pesticides, nutrients, volatile organic com-
pounds, trace metals, and aquatic ecology are developed at the national scale through comparative analysis of the 
Study-Unit findings. (http://water.usgs.gov/nawqa/natsyn.html). 


The USGS places high value on the communication and dissemination of credible, timely, and relevant science 
so that the most recent and available knowledge about water resources can be applied in management and policy deci-
sions.  We hope this NAWQA publication will provide you the needed insights and information to meet your needs, 
and thereby foster increased awareness and involvement in the protection and restoration of our Nation’s waters. 


The NAWQA Program recognizes that a national assessment by a single program cannot address all water-
resource issues of interest. External coordination at all levels is critical for a fully integrated understanding of water-
sheds and for cost-effective management, regulation, and conservation of our Nation’s water resources. The Program, 
therefore, depends extensively on the advice, cooperation, and information from other Federal, State, interstate, Tribal, 
and local agencies, non-government organizations, industry, academia, and other stakeholder groups. The assistance 
and suggestions of all are greatly appreciated.


Associate Director for Water
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TRACE-METAL CONCENTRATIONS IN SEDIMENT AND  
WATER AND HEALTH OF AQUATIC MACROINVERTEBRATE COMMUNITIES 
OF STREAMS NEAR PARK CITY,  
SUMMIT COUNTY, UTAH


By Elise M. Giddings, Michelle I. Hornberger, and Heidi K. Hadley

ABSTRACT


The spatial distribution of metals in stre-
ambed sediment and surface water of Silver Creek, 
McLeod Creek, Kimball Creek, Spring Creek, and 
part of the Weber River, near Park City, Utah, was 
examined. From the mid-1800s through the 1970s, 
this region was extensively mined for silver and 
lead ores. Although some remediation has 
occurred, residual deposits of tailing wastes 
remain in place along large sections of Silver 
Creek. These tailings are the most likely source of 
metals to this system. Bed sediment samples were 
collected in 1998, 1999, and 2000 and analyzed 
using two extraction techniques: a total extraction 
that completely dissolves all forms of metals in 
minerals and trace elements associated with the 
sediment; and a weak-acid extraction that extracts 
the metals and trace elements that are only weakly 
adsorbed onto the sediment surface. This latter 
method is used to determine the more biologically 
relevant fraction of metal complexed onto the sed-
iment. Water samples were collected in March and 
August 2000 and were analyzed for total and dis-
solved trace metals. 


Concentrations of silver, cadmium, copper, 
lead, mercury, and zinc in the streambed sediment 
of Silver Creek greatly exceeded background con-
centrations. These metals also exceeded estab-
lished aquatic life criteria at most sites. In the 
Weber River, downstream of the confluence with 
Silver Creek, concentrations of cadmium, lead, 
zinc, and total mercury in streambed sediment also 
exceeded aquatic life guidelines, however, concen-
trations of metals in streambed sediment of 
McLeod and Kimball Creeks were lower than Sil-
ver Creek. Water-column concentrations of zinc, 
total mercury, and methylmercury in Silver Creek 
were high relative to unimpacted sites, and 


exceeded water quality criteria for the protection 
of aquatic organisms. Qualitative measurements of 
the macroinvertebrate community in Silver Creek 
were compared to the spatial distribution of metals 
in streambed sediment. The data indicate that 
impairment related to metal concentration exists in 
Silver Creek.


INTRODUCTION


The National Water-Quality Assessment 
(NAWQA) Program of the U.S. Geological Survey 
(USGS) is designed to assess water-quality conditions, 
determine spatial and temporal trends, and identify the 
physical, chemical, and biological factors affecting sur-
face and ground waters of the United States (Gilliom 
and others, 1995).  The Great Salt Lake Basins study 
unit (fig. 1) is 1 of 51 study units that are included in 
this national program. Each study unit addresses ques-
tions that balance local, regional, and national interests, 
and uses consistent sampling protocols. The NAWQA 
Program is designed to be interdisciplinary in nature by 
combining chemical, physical, and biological data to 
reach specific goals. An important component to this 
approach is the spatial and temporal distribution of met-
als and organic contaminants in freshwater aquatic 
environments, including surface and ground water, stre-
ambed sediment, and resident biota.  Coordinated sam-
pling efforts, which include a combination of these 
disciplines, allow for a well-integrated assessment of 
water-quality conditions.      


Mining activities since the mid-1800s have 
greatly accelerated metal cycling in aquatic systems. 
Although naturally enriched ore bodies can contribute 
relatively minor loadings to these systems, anthropo-
genic activities such as the extraction and processing of 
metals can introduce highly enriched material to sur-
rounding water bodies (Moore and Luoma, 1990; Axt-
mann and Luoma, 1991). Although many metals are 
biologically essential in trace amounts (for example, 
chromium, copper, and zinc), excessive quantities can 
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Figure 1.  Location of study area and sampling sites in the upper Weber River drainage near Park City, Utah

2         







interfere with physiological processes. Non-essential 
metals such as cadmium, lead, mercury, and silver also 
can accumulate in the tissues of aquatic organisms and 
cause adverse biological impacts in aquatic organisms 
(Lau and others, 1998).


Historic mining activities in the vicinity of Park 
City, Utah, have greatly impacted Silver Creek, a tribu-
tary to the Weber River in northern Utah. Park City was 
founded as a mining town in the mid-1800s, when large 
deposits of lead and silver were discovered in the 
nearby mountains. For the next 100 years, silver, lead, 
and other minor minerals were mined and processed in 
the Park City area. By the late 1970s, mining activities 
began to decrease as the ski industry surpassed mining 
in economic importance. Since then, Park City has 
grown into a recreationally based urban area. 


Previous studies identify impacts to Silver Creek 
from historic mining activities (Mason, 1989), raw sew-
age discharge (Smith, 1959), and potential urban 
growth impacts (Brooks and others, 1998). The ground- 
and surface-water hydrology of the area are described 
by Holmes and others (1986), and Brooks and others 
(1998). Adjacent watersheds of McLeod Creek, Kim-
ball Creek, and Spring Creek have also been affected by 
mining and urban activities, although the relative 
impacts are not well defined. These creeks are tributar-
ies of the Weber River, an important river for recreation 
and water supply.


Purpose and Scope


The Weber River at Coalville was sampled in 
1998 as part of a study-unit wide assessment of metals 
in bed sediment and tissue. Concentrations of some 
metals were higher in sediments from this site than 
other sites sampled in the study unit. The upstream 
drainage of Silver Creek was suspected as a source 
because of the known historic mining in the area. Fur-
ther sediment sampling in 1999 on the Weber River and 
Silver Creek was conducted by using a multi-acid 
digestion that extracts all forms of metals in minerals 
and trace elements associated with the sediment. 
Results from that sampling indicated substantial stre-
ambed sediment contamination in Silver Creek, and a 
synoptic study was undertaken in 2000, which used a 
second method of analysis to further assess the degree 
of risk to biological organisms.  


In 2000, a synoptic approach was employed to 
examine the occurrence and spatial distribution of met-
als in bed sediment and surface water of streams near 
the Park City area. Included were sites on Silver Creek, 


McLeod Creek, Kimball Creek, and part of the Weber 
River. Streambed sediment samples were collected and 
this time analyzed by using a weak-acid digestion, 
which extracts the metals and trace elements that are 
more loosely bound to the sediment surface and thus 
have a higher potential to be bioavailable to aquatic 
organisms. Surface-water samples were collected dur-
ing spring and summer low-flow periods to assess the 
distribution of metals during two seasons. Mercury, 
which appeared to be a metal of concern, was analyzed 
by using low-level detection limits at a subset of sites. 
Metal concentrations were evaluated by comparing 
with established toxicity guidelines for aquatic life. In 
addition, bioassessment samples of the aquatic macro-
invertebrate community were collected to examine 
potential impairment. 


                                                                                                                                                                                                                                                                                                                                                                                                                             
Description of Study Area


Park City, Utah, is situated at an altitude of about 
6,100 feet about 30 miles southeast of Salt Lake City, 
and the surrounding Wasatch Mountains rise to more 
than 10,000 feet (fig. 1). Average annual precipitation 
(1961-90) ranges from 19 to 44 inches, of which 
approximately 75 percent occurs as snow from October 
to April.  Extending north from Park City through Sny-
derville Basin is a low topographic divide.  Streams on 
the west side of the divide drain into East Canyon Creek 
and then to the lower Weber River, near Morgan, Utah. 
On the east side of the divide, Silver Creek drains into 
the upper Weber River near Wanship, Utah.  


On the west side of the low divide, McLeod 
Creek originates at the mouth of Thaynes Canyon and 
collects water from Sullivan Spring, the Spiro Tunnel, 
and White Pine Canyon as it flows north to join Kimball 
Creek. Kimball and Spring Creeks arise from ground-
water seeps and springs in the unconsolidated valley-
fill deposits of Snyderville Basin and flow north toward 
East Canyon Creek.  


Silver Creek, on the east side of the divide, orig-
inates as snowmelt runoff from mountains to the south 
of Park City; however, much of the runoff in the upper 
drainage seeps into the subsurface prior to reaching the 
stream channel (Brooks and others, 1998). Additional 
ground water is diverted into upper Silver Creek from 
the Judge mine-drain tunnel during part of the year, and 
flow increases downstream as a result of inputs from 
the Pace-Homer Ditch, a repository for ground-water 
discharge and surface runoff from surrounding land-use 
operations.  
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Land Use


Mining in the Park City district began in 1869 for 
lead, silver, and zinc ore and continued until 1978.  
Galena (lead sulfide) and sphalerite (zinc sulfide) are 
the principal ores of the Park City district.  Both of 
these ores are found near igneous intrusions in the bed-
rock of the district. Silver is often found in association 
with pyrite and galena (Boutwell, 1912).


The Silver King mine, located near the headwa-
ters of Silver Creek, was one of the largest and longest 
operating mines in the area (fig. 2). Throughout the 
mining era, ground-water flooding of the mines was a 
continuous problem, and it was not uncommon for ore 
veins to be abandoned because of flooding.  To relieve 
some of the great underground flow, tunnels were spe-
cifically dug to dewater the Ontario, Silver King, and 
Daly-Judge mines, but costly pumping of ground water 
from the mine was still necessary (Thompson and 
Fraser, 1993). 


Water from the mining tunnels has been 
reclaimed for other uses. Beginning in the late 19th cen-
tury, water from the Ontario tunnel was collected and 


used to generate electricity for Park City and the 
Ontario mill. Water from the Judge tunnel was used 
both for domestic supply and at the Silver King plant 
since 1904 (Boutwell, 1912). Currently, ground water 
from the Spiro and Judge tunnels is used as a public 
water supply for Park City (Jerry Gibbs, Park City Pub-
lic Works, oral commun., 2001). 


The hundred-plus years of mining have affected 
the water in the Park City area in many ways.  Wood 
was the primary building and fuel source (Thompson 
and Fraser, 1993), and the resulting deforestation 
caused sediment to easily move into the streams.  Raw 
sewage from the growing mining town of Park City was 
disposed of in Silver Creek until passage of the Clean 
Water Act in 1972 (Smith, 1959). Milling processes in 
the Park City area left waste-rock and tailings piles, 
which have eroded and leached metals into the streams. 
Mercury, which was used for a short time in processing 
the ore, has also contaminated land in the study area 
(Boutwell, 1912).  


Tailings piles still exist in many areas of the Sil-
ver Creek drainage (fig. 3). A large pile adjacent to Sil-


Figure 2. Silver King mine and tailings piles near Park City, Utah. 
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ver Creek (Prospector Square) was capped as a 
mitigation measure to cease or slow the leaching of 
metals into the creek and to allow real estate develop-
ment. However, uncapped tailings still exist along the 
south side of Silver Creek (the Silver Maple claims) 
where it parallels U.S. Highway 248.      


In the late 20th century, real estate development 
occurred on a large scale. Erosion of sediment associ-
ated with construction is one of the largest impacts from 
the rapid growth of the Park City area. Many of the res-


idential developments are on the sites of older tailings 
piles. As the Park City area continues to grow, water-
quality impacts resulting from urban runoff and 
increased water withdrawals are likely to increase.   


Selected Stream Sites


Ten sites in the Park City area were sampled for 
streambed sediment, surface water, and biota in 1998-
2000 (table 1, fig. 1). Not all types of samples were col-
lected at each site, but the largest data set exists for 
eight sites sampled in 2000 (table 2). Four of the sites
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sampled in 2000 are on Silver Creek, one site is on the 
Weber River, and three sites are on other drainages in 
the Park City area. Two additional sites were sampled 
on the Weber River in 1999.  One site on the Weber 
River was sampled both in 1998 and 2000.    


Silver Creek at Bonanza Drive (site 1) is the far-
thest upstream site sampled on Silver Creek (fig. 1, 
table 1). This site is located near the center of Park City 
in a commercial area, and the creek above this point 
receives storm-water runoff from the older urban area 
of Park City. Most of the historic mining activities took 
place upstream of this site, in the mountains surround-
ing Park City.   


Silver Creek above Richardson Flat (site 2) is 
about 2 miles downstream from site 1. In the reach 
between sites 1 and 2, Silver Creek flows past Prospec-
tor Square, a mine-tailings deposit. This deposit was 
reworked to extract additional silver in the 1940s, and 
most of the tailings were capped with 6 to 10 inches of 
soil, prior to being developed into a residential area 
(Mason, 1989). After flowing through Prospector 
Square, Silver Creek enters a short, narrow canyon. The 
south side of this canyon is lined with uncovered, fine-
grained mill tailings (Silver Maple claims). Site 2 is 
located at the base of this canyon.     


Silver Creek near Atkinson (site 3) is about 3.5 
miles downstream from site 2. In the reach between 
sites 2 and 3, Silver Creek flows past another large tail-
ings area (Richardson Flat) and enters an open, shal-
low-gradient meadow.  About 0.5 mile upstream of site 
3, water is discharged from a waste-water treatment 
plant. 


Downstream from site 3, Silver Creek flows 
through a relatively high-gradient canyon for about 5 
miles to the final site on Silver Creek, Silver Creek at 


Wanship (site 4), before it discharges into the Weber 
River. Land use upstream from this site consists of graz-
ing and irrigated hay-lands, with some residential 
development in the town of Wanship.


Silver Creek enters the Weber River about 2 
miles downstream from Rockport Reservoir. Site 5 
(Weber River near Wanship) is between Rockport Res-
ervoir and the confluence of Silver Creek. Because 
most sediment that enters the Weber River upstream of 
the reservoir is trapped, site 5 serves as a reference site 
for evaluating the effects of Silver Creek on the down-
stream reach of the Weber River. Two downstream sites 
on the Weber River (sites 6 and 7) can be compared 
with site 5. Site 6 (Weber River northeast of Wanship) 
is about 0.5 mile downstream of the Silver Creek con-
fluence and site 7 (Weber River at Coalville) is about 8 
miles downstream. The flow of the Weber River is 
about two orders of magnitude greater than that of Sil-
ver Creek. At the time of sampling in August 2000, the 
discharge of the Weber River was 170 cubic feet per 
second, and that of Silver Creek was 2 cubic feet per 
second. So, inflows from Silver Creek are subjected to 
considerable dilution in the downstream reaches of the 
Weber River. 


Historic mining activities took place in the upper 
drainage of East Canyon Creek, but large tailings 
deposits did not remain. A limited evaluation using 
selected tributaries was made at sites 8, 9, and 10 on 
McLeod, Kimball, and Spring Creeks, respectively.


Table 1. Location and altitude of study sites near Park City, Utah


Site no. Site name Station number Latitude Longitude Altitude (feet)


1 Silver Creek at Bonanza Drive 403938111300201 403938 1113002 6,815


2 Silver Creek above Richardson Flat 404026111273001 404026 1112730 6,632


3 Silver Creek near Atkinson 404431111282901 404431 1112829 6,441


4 Silver Creek at Wanship 404847111240501 404847 1112405 5,832


5 Weber River near Wanship 10129500 404734 1112415 5,890


6 Weber River northeast of Wanship 404925111234900 404925 1112349 5,800


7 Weber River at Coalville 10130500 405343 1112404 5,600


8 McLeod Creek at Hwy 224 404055111320301 404055 1113203 6,633


9 Kimball Creek at Interstate-80 404318111310401 404318 1113104 6,370


10 Spring Creek at Interstate-80 404318111313401 404318 1113134 6,375
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Table 2. Types and dates of samples collected at selected sites near Park City, Utah


Site no. Site name


Water Sedim


Trace metals, 
dissolved


Trace metals, 
whole water


Mercury
Stable 


isotopes
Trace metals,


 total
Trace m


weak-


1 Silver Creek at Bonanza Drive 03/10/00
08/16/00 08/16/00 07/13/00 08/15/00


08/16/00
07/13


2 Silver Creek above Richardson Flat
03/14/00
04/24/00
05/16/00
06/12/00
08/16/00 08/16/00 07/13/00 08/16/00


07/22/99


07/13


3 Silver Creek near Atkinson 03/10/00
08/16/00 08/16/00 07/13/00 08/16/00 07/13


4 Silver Creek at Wanship
03/13/00
08/21/00 08/21/00 08/21/00


07/22/99


07/14


5 Weber River near Wanship
08/14/00 08/14/00


07/22/99


6 Weber River northeast of  Wanship 07/22/99


7 Weber River at Coalville
03/21/00
08/23/00 08/23/00


10/30/98


08/23/00


09/08/98


07/14


8 McLeod Creek at Hwy 224 03/10/00
08/21/00 08/21/00 08/21/00 07/13


9 Kimball Creek at Interstate-80 07/14


10 Spring Creek at Interstate-80 03/11/00
08/08/00 08/08/00







METHODS OF SAMPLE COLLECTION AND 
ANALYSIS


Streambed Sediment
In the summer of 1999, two sites (sites 2 and 4) 


were sampled in Silver Creek, and two sites (sites 5 and 
6) were sampled along the Weber River (table 2). These 
samples were analyzed for 42 total recoverable metals 
by using a multi-acid digestion (Briggs and Meier, 
1999). This method provides a total extraction of met-
als, including silicate-bound metals, and is the method 
that was used at the Weber River at Coalville (site 7) in 
1998. The top inch of sediments was composited from 
five depositional areas of the stream, according to the 
methods of Shelton and Capel (1994). Composite sam-
ples were wet-sieved with ambient stream water by 
using 63-µm nylon mesh sieves. Reported values repre-
sent the analysis of the fine-grained (<63 µm), compos-
ited material. 


In July 2000, sediment samples were collected 
from four sites on Silver Creek, one site on the Weber 
River, and one site each on Kimball and McLeod 
Creeks (table 2). These samples were analyzed for par-
tially extractable metals by using a 5-percent (0.6N) 
hydrochloric acid digestion (Hornberger and others, 
1999). Metals analyzed with  this procedure (weak-acid 
extraction) included silver, cadmium, chromium, cop-
per, iron, manganese, nickel, lead, and zinc. This 
method extracts the most easily mobilized metal from 
the sediment surface, which has the potential for expo-
sure to and uptake by resident biota. Metals extracted 
with this method have been shown to correspond to bio-
accumulation in resident aquatic organisms (Luoma 
and others, 1995). At each site, three separate samples 
were collected from the surface of three depositional 
areas by using methods described in Dodge and others 
(2000). Samples were wet-sieved to 63 µm with ambi-
ent river water. The three samples were analyzed indi-
vidually, and reported values represent the mean and 
standard deviation of the individual replicates.


Because trace elements are disproportionately 
associated with different particle sizes, the particle-size 
distribution of a bulk sample can greatly influence 
metal concentrations of that sample (Salomons and 
Forstner, 1984). Sieving bed-sediment samples to a 
common size class of particles allows comparisons of 
metal concentrations to be standardized among sites 
and reduces potential biases that could distort interpre-
tations of the spatial distribution in metal concentration. 
The interpretation of sieved sediment is also more bio-


logically relevant because fine particles are often 
trapped within the matrix of periphyton and filamen-
tous algae, part of the microhabitat of many insect spe-
cies. Fine-grained sediment concentrations have 
correlated significantly to metal concentrations in 
benthic insects and are a useful indicator of the metal 
exposure to the biota (Cain and others, 1992).


In October 1998 or July 2000, sediments at sites 
1, 2, and 3 on Silver Creek and site 7 on the Weber 
River were collected for mercury analysis (table 2). A 
composite sample of surficial sediments from three 
depositional areas of the stream was sieved to 63 µm 
and analyzed for total mercury and methylmercury. 
Laboratory methods for total mercury followed U.S. 
Environmental Protection Agency (EPA) method 1631: 
Mercury in Water by Oxidation, Purge and Trap, and 
Cold Vapor Atomic Fluorescence Spectrometry 
(CVAFS). Sediment samples were digested with nitric 
and sulfuric acid, and oxidized with bromium chloride, 
then analyzed according to method 1631. Laboratory 
methods for methylmercury followed EPA draft 
method 1630: Methyl Mercury in Water by Distillation, 
Aqueous Ethylation, Purge and Trap, and CVAFS, with 
minor modifications. Sediment samples for methylmer-
cury were digested with a mixture of potassium chlo-
ride, sulfuric acid, and copper sulfate before being 
analyzed with method 1630. Field and laboratory meth-
ods are described in Olson and DeWild (1999).


To assess the biological relevance of the sediment 
data, the weak-acid extraction sediment concentrations 
were compared to sediment screening values used by 
the National Oceanic and Atmospheric Administration 
(NOAA), as reported in Buchman (1999). Although 
these screening values identify contaminants that pose 
a threat to aquatic organisms in a freshwater system, 
they do not represent official policy or clean-up levels. 
For sediments, multiple screening values are available, 
and each metal may not have the same type of screening 
value. In this report, the authors primarily use the 
Threshold Effects Levels (TEL) and Probable Effects 
Levels (PEL) when available. These criteria are based 
on field data that develop associations between chemi-
cal concentrations and biological effects, as well as lab-
oratory toxicity test results (Smith and others, 1996). 
The TEL is a conservative screening value, below 
which concentrations of contaminants have not been 
shown to cause an effect on aquatic organisms. The 
PEL is a screening value above which toxic effects are 
likely to occur, and compounds that exceed it are more 
probably elevated to toxic levels.
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In the case of silver, TEL and PEL values are not 
available. Instead, the authors use two screening values. 
The Effects Range-Median (ERM) is the median con-
centration of sediments reported to have toxic effects 
(Long and Morgan, 1991). Like the PEL, it is a screen-
ing value above which toxic effects are likely to occur. 
The Upper Effects Threshold (UET) is determined by 
relating chemical concentrations in sediments to bio-
logical impacts and represents a screening value above 
which adverse effects would always be expected by the 
biological indicator used in its development. These 
screening values provide tools to assess which metals 
exceed established aquatic life criteria at the sampled 
sites.


Surface Water
Water samples were collected in March and 


August 2000 from seven sites in the Park City area and 
analyzed for dissolved and total trace elements (table 
2). During each of these periods, a synoptic approach to 
sampling was taken, in which the sites were sampled in 
a short period of time. By minimizing the period of time 
to sample the sites, an assessment can be made of the 
spatial distribution of metals and other water-quality 
parameters in the water column. The two periods 
selected represent the low flow condition before and 
after spring runoff.


Four of the sampled sites are located on Silver 
Creek (sites 1-4), one is located on the Weber River, 
downstream from the confluence of Silver Creek (site 
7), and one site each is on McLeod Creek (site 8) and 
Spring Creek (site 10) (fig. 1). Methods of collection 
followed NAWQA Program guidelines for sampling 
water using parts per billion (ppb) detection limits 
(Shelton, 1994). Water samples were analyzed for 22 
dissolved trace elements, 21 total trace elements, and 
isotopes of oxygen, deuterium, and sulfur at the USGS 
National Water Quality Laboratory, Denver, Colorado. 
Water from three sites was also analyzed for unfiltered 
(total) and methylmercury in August 2000, and one site 
was analyzed in October 1998. Mercury samples were 
analyzed by using EPA method 1631: Mercury in Water 
by Oxidation, Purge and Trap, and CVAFS, and EPA 
draft method 1630: Methyl Mercury in Water by Distil-
lation, Aqueous Ethylation, Purge and Trap, and 
CVAFS, as detailed in Olson and DeWild (1999).


Metal concentrations in surface water were com-
pared with EPA Ambient Water Quality Criteria 
(AWQC) for aquatic organisms. These criteria are rules 
developed to provide protection for aquatic organisms 
and are used by the States to develop water-quality stan-


dards (U.S. Environmental Protection Agency, 1999). 
Concentrations that exceed the AWQC could be in vio-
lation of State water-quality standards and pose a threat 
to the health of aquatic organisms.


Aquatic Macroinvertebrate Communities
Qualitative macroinvertebrate samples were col-


lected from sites 2, 3, and 4 in Silver Creek and sites 8 
and 9 on McLeod and Kimball Creeks (respectively) in 
August 2000 (table 2). Methods followed standard 
NAWQA protocols reported in Cuffney and others 
(1993). The objective of the sampling was to obtain as 
complete a list of invertebrate taxa in a sampling reach 
as possible by sampling multiple habitat types. A D-
frame kick net with a 210-µm mesh was used to collect 
the samples. Taxonomic identification was conducted 
by the USGS National Water Quality Laboratory Bio-
logical Unit. Taxa were identified to the lowest taxa 
group possible but were not enumerated.


Several invertebrate metrics were calculated to 
assess the relative health of the stream sites. Taxa rich-
ness, or the number of distinct taxa collected, is a com-
mon measure representing the diversity of a 
macroinvertebrate sample. Increasing diversity corre-
lates with increasing health of the assemblage and indi-
cates that niche space, habitat, and food source, as well 
as water quality, are adequate to support survival and 
propagation of many species (Barbour and others, 
1999). A second common richness metric is the per-
centage of distinct taxa belonging to the orders of 
Ephemeroptera, Plecoptera, and Trichoptera (% EPT). 
These aquatic insect orders are sensitive to perturbation 
and generally decline in relative importance as health of 
the assemblage declines (Barbour and others, 1999). 
The third metric calculated was the percentage of intol-
erant taxa. Tolerance values are generally non-specific 
to the type of stressor but represent general sensitivity 
of an organism to perturbation. Each taxa is classified 
on a scale from 0 to 10, zero representing an extremely 
sensitive organism, and ten representing an organism 
tolerant to many types of perturbation. Tolerance values 
used here were developed in Idaho and are listed by 
Barbour and others (1999). Intolerant taxa for this 
report are considered to be those taxa with tolerance 
values of 3 or less.


To compare macroinvertebrate metrics to metals 
concentrations at the selected sites, a metals index was 
calculated. Concentrations µg/g) of weak-acid 
extracted silver, cadmium, copper, manganese, lead, 
and zinc in sediments were standardized for the 
selected sites on a scale from 0 to 10 as follows:
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(1)


where: 
N = number of metals in the index,
Xi = concentration of one of the N metals at 


a site,
Ximax = maximum concentration of the metal 


observed at all sites. 
Because the index number represents the relative 


concentration of these six metals at the five selected 
sites, the site with the highest concentrations of these 
metals has the highest index number.


TRACE-METAL CONCENTRATION IN STRE-
AMBED SEDIMENT


Spatial Distribution of Streambed Sediment Con-
centrations 


Sediment samples collected in 1999 (total extrac-
tion) and 2000 (weak-acid extraction) from Silver 
Creek and the adjacent drainages were examined for 
trends in concentration from upstream to downstream 
sites (appendixes A and B). In general, metal concen-
trations from the weak-acid extraction at site 1 (Silver 
Creek at Bonanza Drive) were approximately half that 
of sites 2 and 3 (fig. 4). Concentrations of silver at this 
site were highly variable (1.5 µg/g ± 1.7), but other met-
als, such as cadmium (20.3 µg/g ± 0.9), copper (112 
µg/g ± 21), lead (922 µg/g ± 176), and zinc (2,893 µg/g 
± 121), did not exhibit such high variability.       


Sites 2 and 3 (Silver Creek above Richardson Flat 
and Silver Creek at Atkinson), in the middle reach of 
Silver Creek, had similar concentrations of cadmium 
(40 and 36 µg/g, respectively), copper (447 and 509 
µg/g, respectively), lead (6,832 and 6,915 µg/g, respec-
tively), and zinc (6,198 and 6,714 µg/g, respectively). 
Variability among replicate measures for these metals 
was less than 36 percent (fig. 4). However, there is a 
high degree of variability in replicate measures of silver 
concentrations at both site 2 (6.8 µg/g + 6.6) and site 3 
(16.7 µg/g + 10.9). The spatial heterogeneity of silver 
within a site indicates that the sediment is strongly 
influenced by localized inputs from mine tailings.


Concentrations of metals at site 4 displayed one 
of two patterns: 1) a sharp decrease in concentration, 
relative to the upstream sites, as shown with silver and 
copper, or 2) very little change from concentrations 
measured in the upstream reach, as shown for cad-
mium, lead, and zinc (fig. 4). The disparity in these 


trends indicates that the spatial pattern is metal specific, 
controlled by geochemical and/or physical processes.


Metal concentrations at the Weber River at 
Coalville (site 7) were typically lower than those at the 
Silver Creek sites, indicating that the sediments are 
diluted by cleaner sediments. Concentrations were: 
cadmium (6.4 µg/g ± 0.7), lead (739 µg/g ± 70), and 
zinc (1,724 µg/g ± 156). Concentrations of cadmium, 
copper, lead, silver, and zinc were all lower at McLeod 
Creek (site 8) than at the Weber River at Coalville (site 
7), and concentrations of cadmium, copper, lead, and 
zinc were lower at Kimball Creek (site 9) than McLeod 
Creek.  


As expected, concentrations of metals from the 
total extraction were consistently higher than concen-
trations from the weak-acid extraction (appendixes A 
and B). As with the weak-acid extraction, sediment 
analyzed in 1999 with the total extraction had the high-
est concentrations at site 2, near the headwaters (Silver 
Creek above Richardson Flat), and lower concentra-
tions at site 4 (Silver Creek at Wanship) (fig. 4). Con-
centrations (total extraction) of arsenic, cadmium, 
copper, lead, manganese, mercury, selenium, silver, and 
zinc at site 2 are substantially elevated relative to con-
centrations at site 5, the reference site. However, metal 
concentrations at site 4 (Silver Creek at Wanship) were 
typically 50 to 75 percent lower than values measured 
at site 2 (Silver Creek above Richardson Flat) (fig. 4). 


Three sites in the Weber River were analyzed by 
using the total extraction (table 2, appendix B). The 
Weber River near Wanship (site 5) is about 1.5 miles 
upstream of the confluence of Silver Creek. This site is 
not impacted by historic mining activities and concen-
trations of silver, arsenic, cadmium, copper, mercury, 
lead, and zinc are close to background concentrations 
reported by Buchman (1999). These background con-
centrations are compiled from a variety of sources but 
primarily are from the International Joint Commission 
(1988). At the Weber River northeast of Wanship (site 
6) and Weber River at Coalville (site 7), concentrations 
of most metals are substantially higher than those 
reported for the Weber River near Wanship.


Relation Between Enrichment and Source
For those elements that are enriched above back-


ground levels, the concentration generally increases 
from site 1 (Silver Creek at Bonanza Drive) to site 2 
(Silver Creek above Richardson Flat) and remains sim-
ilar downstream to site 3 (Silver Creek at Atkinson). 
Because of the close proximity between tailing sources 
and the flow path of Silver Creek, inputs from the tail-
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ing deposits are the most likely source of metals to this 
reach. Although the Prospector Square tailings, 
between sites 1 and 2, have been treated and capped, 
some of the enriched riverbank deposits may have been 
mobilized by natural stream processes (such as slump-
ing and scouring). Additionally, mill tailings at the Sil-
ver Maple claims have never been treated and remained 
fully exposed as late as 1990. This would provide a 
direct source from the contaminated floodplain and 
banks into the stream channel. Richardson Flat tailings 
deposits, between sites 2 and 3, were not treated but 
were capped in the late 1980s. With distance down-
stream from the sources, the concentration of metals in 
Silver Creek and the Weber River is diluted by uncon-
taminated sediments. However, the ratio of total metal 
concentrations for arsenic, cadmium, lead, and zinc is 
similar at the two sites on Silver Creek (sites 2 and 4) 
and the two sites on the Weber River below Silver 
Creek (sites 6 and 7), but differs for the site on the 
Weber River above Silver Creek (site 5) (fig. 5). This 
indicates a common source of metals to sites 2, 4, 6, 
and 7. 


McLeod and Kimball Creeks drain out of the 
Park City area and also have many abandoned mine 
sites in their headwaters. However, unlike Silver Creek, 
they do not flow past large tailings deposits. Although 
somewhat elevated, weak-extractable metal concentra-
tions in sediments at these sites were considerably 
lower than those at the sites in the Silver Creek Drain-
age (fig. 4). 


Enrichment Relative to Aquatic Life Criteria


The metal concentrations obtained from the 
weak-acid extraction can be useful for comparison to 
aquatic threshold guidelines because they represent the 
concentration of metals potentially available for uptake 
by aquatic organisms.  Weak-acid extraction metal con-
centrations in Silver Creek exceeded established 
threshold guidelines (Long and Morgan, 1991; Long 
and others, 1995; Buchman, 1999) for silver, cadmium, 
copper, manganese, lead, and zinc (fig. 4). The Weber 
River at Coalville, as well as McLeod and Kimball 
Creeks, showed exceedences for at least some of these 
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metals. All metal concentrations in Silver Creek show 
substantial enrichment relative to McLeod and Kimball 
Creeks (fig. 4). 


Silver concentrations in bed sediment exceed 
either the Upper Effects Threshold (UET) of 4.5 µg/g 
(Buchman, 1999) or the Effects Range Median (ERM) 
of 1.0 µg/g (Long and others, 1995) at three sites in Sil-
ver Creek. Silver concentrations at site 1 (Silver Creek 
at Bonanza Drive) exceed the ERM, with a value of 1.5 
µg/g, but fall below the UET. Concentrations at sites 2 
and 3 (6.8 µg/g and 16.7 µg/g respectively) exceed both 
the ERM, by a factor of 6 to 16 fold, and the UET, by a 
factor of 1.5 to 4 fold (fig. 4 and appendix A). All other 
sites sampled do not exceed the sediment quality guide-
lines and range from 0.1 to 0.3 µg/g.


Concentrations of cadmium, lead, and zinc in Sil-
ver Creek were all highly enriched relative to the 
aquatic life guidelines (fig. 4).  Cadmium concentra-
tions in Silver Creek were as much as ten fold higher 
than the Probable Effects Level (PEL) value of 3.5 µg/g. 
Concentrations of cadmium in the Weber River (site 7) 
bed sediment were two fold higher than the PEL guide-
line, and concentrations at McLeod and Kimball Creeks 
(sites 8 and 9) fell below the PEL. Concentrations of 
lead in Silver Creek ranged from 922 to 6,915 µg/g, 10 
to 75 fold higher than the PEL of 91 µg/g (fig. 4, appen-
dix A). Both the Weber River at Coalville (site 7) and 
McLeod Creek (site 8) also showed evidence of ele-
vated lead concentrations (739 µg/g and 197 µg/g, 
respectively). Kimball Creek (site 9) had the lowest 
lead values, with a mean of 63 µg/g. All samples col-
lected exceeded the Threshold Effects Level (TEL) for 
both cadmium (0.6 µg/g) and lead (35 µg/g). 


Zinc concentrations in Silver Creek were 
enriched 9 to 20 fold when compared to the PEL of 315 
µg/g. Concentrations ranged from 1,000 to 6,000 µg/g 
at the Silver Creek sites, the Weber River and McLeod 
Creek. Kimball Creek (site 9) had a lower concentration 
but still exceeded the PEL (347 µg/g) (fig. 4).  Copper 
concentrations were elevated above the PEL (197 µg/g) 
at only sites 2 and 3 in Silver Creek (450 to 510 µg/g). 
However, concentrations exceeded the TEL (35.7 µg/g) 
at all sites in Silver Creek and at the Weber River at 
Coalville.


TRACE-METAL CONCENTRATION IN SUR-
FACE WATER 


Dissolved and Total Metal Concentrations


Total and dissolved metals concentrations are 
reported in appendix C. Sixty-five to 90 percent of total 
zinc concentrations are comprised of dissolved zinc, 
and 75-95 percent of total arsenic concentrations are 
dissolved except for Silver Creek above Richardson 
Flat. At this site, total arsenic concentration is almost 
twice that of the dissolved concentration. At neutral pH, 
as in Silver Creek, most of the zinc and arsenic is 
expected to be in the dissolved phase.  Total lead con-
centrations are much higher than dissolved concentra-
tions (4 to 34 percent dissolved). The highest 
concentration of total lead is at Silver Creek above 
Richardson Flat, and only 4.3 percent of the total con-
centration is dissolved. This large difference is most 
likely because of the chemical nature of lead, which can 
readily adsorb to iron solids in the water at neutral pH.  
It is common to find lead mostly present in the solid 
phase instead of the dissolved phase, except at a very 
low pH (Smith, 1999).  


Loads of Metals


Water column samples were collected during 
March 10-14, 2000, and August 16-21, 2000. Flow con-
ditions were steady low flow during both of these peri-
ods, although rain was noted immediately preceding the 
August sampling period. Computations of selected 
metal loads indicate a possible increase in downstream 
loading of arsenic and lead in both March and August 
(table 3). The March sampling was conducted over sev-
eral days, so results are not conclusive. However, in 
August, sites 1 to 3 were all sampled on the same day, 
so loads are most likely attributed to sources along the 
stream, rather than temporal variation. At these three 
sites, discharge increases along with the concentration 
of arsenic, copper, and lead. Concentration and load of 
zinc is highest at site 2, which could indicate a different 
source for these metals in the water column along the 
stream. These data indicate that there are multiple 
sources of metals to the water column along Silver 
Creek. A more detailed synoptic sampling could fully 
identify and quantify the location of sources of metals 
to the water column.   
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Relation of Water Quality to Toxicity Limits 


Comparisons with water-quality criteria can be 
useful in evaluating measured values in a field setting 
(fig. 6). A commonly used guideline for the protection 
of freshwater aquatic ecosystems is the EPA Ambient 
Water Quality Criteria (AWQC) for the protection of 
aquatic organisms (U.S. Environmental Protection 
Agency, 1999). The criteria for chronic exposure (Cri-
teria Continuous Concentration) for arsenic is 150 
µg/L. Lead, zinc, chromium, and copper criteria vary on 
the basis of the total hardness of the water. At hardness 
values measured in Silver Creek (about 400 mg/L 
CaCO3, dissolved), the criteria are: lead 18.6 µg/L, zinc 
388 µg/L, cadmium currently 7.3 µg/L, but a new pro-
posal would reduce it to 0.71 µg/L (U.S. Environmental 
Protection Agency, 2001), and copper 30.5 µg/L. The 
zinc criteria is exceeded in all samples collected at site 
2 (Silver Creek above Richardson Flat), and in samples 
collected during March at sites 3 and 4 (Silver Creek at 
Atkinson and Silver Creek at Wanship) (fig. 6). 
Arsenic, copper, and lead criteria are not exceeded in 
any samples collected, although the March sample at 
site 1 approaches the copper standard. Cadmium con-
centrations do not exceed the current AWQC criteria, 
but March samples at all Silver Creek sites (sites 1 to 4) 
and April, June, and August samples at site 2 exceed the 
proposed criteria of 0.71 µg/L (fig. 6). Other samples 
are listed as < 1 µg/L, so may or may not exceed the 
standard. Although the samples are few in number, the 
values indicate possible harm to aquatic life from sev-
eral metals in Silver Creek. 


Samples collected in McLeod and Spring Creeks 
and the Weber River generally had concentrations of 
metals lower than those collected in Silver Creek and 
did not exceed AWQC criteria. 


Isotopic Analysis
Oxygen and hydrogen isotope data were col-


lected in this study to assist in determination of sources 
of water to Silver Creek. Isotopes of oxygen and hydro-
gen differ from other elements in the number of neu-
trons and protons in their molecular structure.  Certain 
isotopes are stable and readily found in nature and are 
expressed as a ratio of the isotope to the element. The 
most common isotope ratios studied in natural environ-
ments are oxygen-18/oxygen-16 and hydrogen-2 (deu-
terium)/hydrogen-1 (Mazor, 1991). Precipitation and 
the amount of subsequent evaporation creates different 
ratios of oxygen and hydrogen isotopes in the originally 
precipitated water and the remaining evaporated water 
(Mazor, 1991). 


Isotopic values are expressed in the del (δ) nota-
tion as permil differences between the sample and a 
standard. With oxygen, for example, δ18O is defined 
by: 


(2)


where: 
(18O/16O)sample is the isotope ratio of the sample, 


and
(18O/16O)standard is the isotope ratio of sea water. 


Table 3. Instantaneous load of arsenic, copper, lead, and zinc in surface water from selected sites near Park City, Utah, March and August 2000


[Reported in tons per day x 10-5; e, estimated; —, no data]


Site no. Site
Arsenic Copper Lead Zinc


March 2000 August 2000 March 2000 August 2000 March 2000 August 2000 March 2000 August 2000


1 Silver Creek at Bonanza 
Drive


0.445 0.261 6.38 0.127 0.120e 0.064 60.7 3.99


2 Silver Creek above Rich-
ardson Flat


21.8 1.19 4.53 .906 1.31 e .440 2,550 280


3 Silver Creek near Atkinson 34.5 15.0 6.44 7.08 6.21 3.22 2,240 75.5


4 Silver Creek at Wanship 71.9 5.27 19.7 1.77 24.2 1.36 1,640 84.0


5 Weber River near Wanship — 73.4 — — — 22.9 e — 1,550


7 Weber River at Coalville 77.6 e 117 24.7 e — 36.1 e 27.6 e 1,020 e 263


8 McLeod Creek at Hwy 224 70.9 8.01 26.3 1.49 1.43 e .454e 115 18.6


10 Spring Creek at I-80 — .028 — .033 e — .013e — .097


δ18O
O O


16⁄
18


( )sam ple O O
16⁄


18
( )s dardtan–


O O
16⁄


18
( )s dardtan


-------------------------------------------------------------------------------------------------------x1000=

14        







March
August
Micrograms per liter
Ambient Water Quality Criteria for protection of aquatic life
Ambient Water Quality Criteria—Adjusted for hardness values


measured in Silver Creek
Ambient Water Quality Criteria—Proposed


1 2 3 4 8 10


A
R


S
E


N
IC


 (
µg


/L
)


25


20


15


10


5


0
L


E
A


D
 (


µg
/L


)


8


6


4


2


0


Z
IN


C
 (


µg
/L


)


1,800


900


0


1,500


1,200


600


300


March
August


D
IS


C
H


A
R


G
E


, I
N


 C
U


B
IC


F
E


E
T


 P
E


R
 S


E
C


O
N


D


10


8


4


0


12


6


2


AWQC = 150 µg/L


AWQC1 = 388 µg/L


SITE


March
discharge


not
available


EXPLANATION


µg/L
AWQC


AWQC1


AWQCp


AWQC1 = 18.6 µg/L


C
A


D
M


IU
M


 (
µg


/L
) AWQC1 = 7.3 µg/L


AWQCp = 0.7 µg/L


0


1


2


3


4


Figure 6.  Concentration of dissolved arsenic, cadmium, lead, and zinc for selected study sites near Park City, Utah, March and August 
2000.
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Likewise, δ2D is the same calculation using the 
isotope ratio of 2D/1H (deuterium/hydrogen). The com-
parative standard for oxygen and hydrogen isotopes is 
standard mean ocean water.


Most of the values for δ2D and δ18O at surface-
water sites in the study area plot close to the global 
meteoric (average precipitation) water line, indicating 
that no significant evaporative or geochemical pro-
cesses have changed the δ2D and δ18O values (fig. 7). 
Values from Silver Creek at Bonanza Drive (site 1) and 
above Richardson Flat (site 2) appear to deviate slightly 
from the global meteoric water line. Values of δ2D and 
δ18O for McLeod Creek (site 8) are the lightest (least 
enriched) of the samples collected, similar to the value 
reported by Mayo and others (1992) for the Spiro Tun-
nel. This could indicate that the water in McLeod Creek 
is similar to the water from the Spiro Tunnel. However, 
considering the limited amount of data available, it is 
not possible to identify the sources of water to the 
reaches of the stream (table 4).         


MERCURY CONCENTRATION IN  
STREAMBED SEDIMENT AND SURFACE 
WATER


Mercury was used from the 1880s to early 1900s 
to process lead and silver ores in the Park City district 
(Boutwell, 1912). Elemental mercury is the primary 
form associated with natural ore deposits and mining 
sources and is not readily bioavailable. However, sul-
fate-reducing bacteria can transform inorganic mercury 
to methylmercury, a form readily available for biologi-
cal uptake. Mercury concentration has been shown to 
increase in organisms at higher trophic levels and thus 
is considered to biomagnify in the food chain (Eisler, 
1987). Because of this biomagnification, even small 
amounts of methylmercury in the environment can be 
harmful to aquatic biota, fish-eating wildlife, and 
humans. Environmental factors such as the extent of 
wetlands, concentration and form of sulfate, dissolved 
organic carbon, and pH of the water are important fac-
tors that control the amount of methylation of mercury 
in the environment (Krabbenhoft and others, 1999). Sil-
ver Creek flows through a large wetland area down-
stream of Richardson Flat, and oxidation of sulfide ores
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from tailings piles provide adequate sulfate. These con-
ditions make it likely that mercury methylation is 
occurring.  


Total mercury concentration in unfiltered surface 
water at the three sampled Silver Creek sites (sites 1-3) 
ranged from 31 to 160 ng/L during July 2000. At the 
Weber River at Coalville (site 7), the concentration was 
22 ng/L in October 1998 (table 5). Total mercury con-
centration in sieved sediments (< 63 µm) in Silver 
Creek ranged from 6,500 to 27,750 µg/kg (dry weight), 
and in the Weber River at Coalville was 1,041 µg/kg. 
These values exceed established aquatic life standards. 
The EPA freshwater chronic criterion for total mercury 
is 12 ng/L, and the PEL for total mercury in sediment is 
486 µg/kg (National Irrigation Water Quality Program, 
1998).   


Methylmercury values in Silver Creek and the 
Weber River are less than 0.6 percent of the total mer-
cury values. While the amount of total mercury avail-
able determines the amount of potential methylmercury 
production, as total mercury concentration increases, 
the amount of methylation stabilizes (Krabbenhoft and   
others, 1999). Methylmercury values in Silver Creek 
(sites 1-3) during July 2000 ranged from 0.06 to 0.39 
ng/L in water and 6.4 to 25.8 µg/kg in sieved sediments 
(table 5). At the Weber River at Coalville (site 7) during 
October 1998, methylmercury concentration in water 
was 0.10 ng/L and in sediments was 4.0 µg/kg.   EPA 
has established criteria for the protection of fish-eating 
wildlife at 0.05 ng/L methylmercury in water (National 
Irrigation Water Quality Program, 1998). Samples col-
lected at sites 2 (Silver Creek above Richardson Flat), 3  
(Silver Creek at Atkinson), and 7 (Weber River at 
Coalville) exceeded this guideline. The sample from 


Silver Creek at Bonanza had concentrations near the 
threshold value. No protection criteria have been estab-
lished for methylmercury in sediments. Although these 
samples are few in number, they indicate that there is a 
potential risk for mercury exposure to terrestrial and 
aquatic organisms at these sites.      


Total Mercury and Methylmercury


Because many factors are involved in the methy-
lation of mercury, it is difficult to predict the amount of 
methylmercury (MHg) from the total mercury (THg) 
concentration, especially at very high total mercury val-
ues, as measured in Silver Creek. In streambed sedi-
ments of Silver Creek, total mercury increases from 
sites 1 to 3 but decreases substantially in the Weber 
River at Coalville (site 7) (fig. 8a). All four sites 
exceeded the PEL guideline of 486 µg/kg total mercury 
in sediments. However methylmercury values do not 
follow a similar longitudinal trend. Methylmercury   
concentration drops from site 1 to site 2, increases again 
at site 3, and drops again at site 7 (fig. 8a). The concen-
tration of methylmercury in sediments at sites 1 and 3 
is very similar (25.8 µg/kg, 24.1 µg/kg) even though the 
concentration of total mercury in sediments at these 
sites is very different (6,498 µg/kg, 27,750 µg/kg). 
Despite a four-fold increase in total mercury concentra-
tion between sites 1 and 3, methylmercury concentra-
tion at these sites is relatively consistent. There is no 
established guideline for methylmercury concentration 
in sediments for protection of aquatic life.


Table 4.  Oxygen, deuterium, and sulfur isotopes in surface water from selected sites near Park City, Utah, August 2000


[δ18O, del oxygen 18 (18O/16O); δ2D, del deuterium (2D/1H); δ34S, del sulfur 34 (34S/32S); —, no data]


Site no. Site name Date δ18O δ2D δ34S


1 Silver Creek at Bonanza Drive 08/15/2000 -13.74 -110.9 9


1 Silver Creek at Bonanza Drive 08/16/2000 -12.07 -96.8 10.5


2 Silver Creek above Richardson Flat 08/16/2000 -13.44 -107.2 6.2


3 Silver Creek near Atkinson 08/16/2000 -16.54 -126 9.7


5 Weber River near Wanship 08/14/2000 -16.01 -121.3 10.8


7 Weber River at Coalville 08/23/2000 -15.95 -118.5 11.1


8 McLeod Creek at Hwy 224 08/21/2000 -17.24 -129.1 11.5


10 Spring Creek at I-80 08/08/2000 -16.63 -125.6 —


— Spiro tunnel1 — -17.7 -139.0 —
1Spiro tunnel value from Mayo and others (1992).

        17







   


 In water samples that were collected, total mer-
cury and methymercury concentrations show a similar  
spatial pattern of concentration. Total mercury concen-
tration in water increases from site 1 to site 2, then 
decreases at site 3 and 7 (fig. 8b). Sites 1, 2, and 3 all 
exceeded the total mercury chronic life standard of 12 
ng/L THg. Likewise, for methylmercury in water, con-
centrations increase from site 1 to site 2, then decrease 
at sites 3 and 7. All four sites exceeded the fish-eating 
wildlife standard for methylmercury of 0.05 ng/L MHg. 
However, as with sediments, the concentration of meth-
ylmercury in water cannot be predicted from the con-
centration of total mercury in water. The concentration 
of total mercury in water at sites 1 and 3 is very similar 
(31.0 ng/L, 31.6 ng/L, respectively), although the con-
centration of methylmercury in water at the same sites 
is very different (0.06 ng/L, 0.18 ng/L, respectively) 
(fig. 8b).   


HEALTH OF AQUATIC MACROINVERTE-
BRATE COMMUNITIES


Aquatic invertebrate metrics are commonly cal-
culated to compare communities at several sites (Bar-
bour and others, 1999). Metrics are a way of 
summarizing complex macroinvertebrate data into easy 
to understand measures of the community. Several cal-
culated metrics indicate low community quality in Sil-
ver Creek (table 6). The first metric, taxa richness, is a 
measure of species diversity. Taxa richness was lowest 
at sites 2 and 3 in Silver Creek, intermediate at site 4, 
and highest at McLeod Creek (site 8) and Kimball 
Creek (site 9). A decrease in diversity generally corre-
lates with a decrease in the health of the macroinverte-
brate assemblage (Barbour and others, 1999). The 
second metric, percent EPT, is the percentage belong-
ing to the orders Ephemeroptera (E = mayflies), 


Table 5.  Concentration of total mercury and methylmercury in streambed sediment and surface water from selected sites near Park City, Utah, October 
1998 and July 2000


[µg/kg, micrograms per kilogram; ng/L, nanograms per liter; THg, total mercury; MHg, methylmercury]


Site no. Site name Date


Sediment
(µg/kg)


Water
(ng/L)


THg MHg THg MHg


1 Silver Creek at Bonanza Drive July 13, 2000 6,498 25.8 31.0 0.06


2 Silver Creek above Richardson Flat July 13, 2000 11,460 6.47 160 .39


3 Silver Creek near Atkinson July 13, 2000 27,750 24.1 31.6 .18


7 Weber River at Coalville Oct 30, 1998 1,041 4.02 21.8 .10


Criteria1 486 — 12.0 .05
1Total mercury in sediment – Probable Effects Level; Total mercury in water– U.S. Environmental Protection Agency freshwater chronic criteria; 


Methylmercury in water – U.S. Environmental Protection Agency criteria for protection of fish-eating wildlife.
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Table 6. Aquatic macroinvertebrate richness; percentage of taxa belonging to Ephemeroptera, Plecoptera, and Trichoptera (EPT); percentage of intolerant 
taxa; and metals index for selected sites near Park City, Utah, August 2000


[Richness, taxa richness; %, percent; EPT, Ephemeroptera, Plecoptera, Trichoptera; #E, number of Ephemeroptera taxa; Intol, intolerant 
taxa] 


Site no. Site name Date Metals Index Richness % EPT #E % Intol


2 Silver Creek above Richardson Flat 8/16/2000 49.8 38 7.9 1 9.1


3 Silver Creek near Atkinson 8/16/2000 59.0 37 8.1 1 9.1


4 Silver Creek at Wanship 8/17/2000 25.1 42 21.4 1 20.0


8 McLeod Creek at Hwy 224 8/22/2000 7.2 50 28.0 3 35.6


9 Kimball Creek at I-80 8/14/2000 5.8 49 24.5 5 18.2







Plecoptera (P = stoneflies), and Trichoptera (T = cadis-
flies) (EPT). These aquatic insect orders are sensitive to 
perturbation and generally decline in relative impor-
tance as health of the assemblage declines (Barbour and 
others, 1999). In addition, Clements and others (1992) 
found a reduction in abundance and diversity of may-
flies (Ephemer-optera) at sites contaminated by heavy 
metals.  The percent EPT was lower at site 2 (Silver 
Creek above Richardson Flat) and 3 (Silver Creek at 
Atkinson) than at sites 4, 8, and 9, and the number of 
mayfly species increased from one at sites 2, 3, and 4, 
to 3 species at site 8, and 5 species at site 9.  Both of 
these metrics indicate an impairment of the macroinver-
tebrate community in Silver Creek.  


Taxa-tolerance values indicate the sensitivity of 
each taxa to perturbation of the stream environment 
(Barbour and others, 1999). The percentage of intoler-
ant taxa (the third metric) at sites 2 and 3 was lower than 
at the other three sites (sites 4, 8, and 9). Tolerance val-
ues are not specific to the type of perturbation, so a 
decline in intolerant (sensitive) organisms implies a 
degradation of the stream environment, not a specific 
cause of the degradation. The difference in percentage 
intolerant taxa between sites 8 and 9, which have simi-
lar metal concentrations, indicates that there are addi-
tional factors at work at these sites, such as differences 
in habitat, which were not investigated here.   


Although metrics alone do not identify the cause 
of impairment, they consistently indicate that Silver 
Creek at sites 2 and 3 has a less healthy macroinverte-
brate community than that of Silver Creek at site 4, 
McLeod Creek (site 8), and Kimball Creek (site 9). To 
examine the relation between these metrics and the 
metals concentrations at the sites, the metals index was 
used. The index compares the relative weak-extract 
concentrations of silver, cadmium, copper, manganese, 
lead, and zinc (the six metals that exceeded aquatic-life 
guidelines) in sediments at the five sites where macro-
invertebrate samples were collected. The metals index 
was negatively correlated to both taxa richness and per-
cent EPT (R2 = 0.96, R2 = 0.95, respectively) (fig. 9), 
indicating that taxa and EPT richness declined as met-
als concentration increased. The percent of intolerant 
taxa also was related to the metals index, although not 
linearly (fig. 10). But the two sites higher on the metals 
index (sites 2 and 3) appear to have substantially lower     
percentages of intolerant taxa than the three sites with 
lower concentrations.    
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Figure 8.  Total mercury and methylmercury in (a) streambed sediment 
and (b) surface water for selected sites near Park City, Utah, October 
1998 and July 2000.
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SUMMARY


The Great Salt Lake Basins study unit of the 
National Water-Quality Assessment Program is 1 of 51 
study units designed to assess water-quality conditions 
and trends affecting surface and ground waters of the 


United States. An important component to this 
approach is the occurrence and distribution of metals in 
freshwater aquatic environments. Historic mining 
activities in the vicinity of Park City, Utah, have greatly 
impacted Silver Creek, a tributary to the Weber River in 
Northern Utah, and the objective of this study was to 
examine the occurrence and spatial distribution of met-
als in bed sediment and surface water of streams near 
the Park City area.  


Silver Creek is clearly affected by historic mining 
practices in the Park City, Utah, area. Concentrations of 
silver, cadmium, copper, mercury, lead, and zinc in stre-
ambed sediments for both the total and weak-acid 
extraction techniques are significantly elevated relative 
to background concentrations. Metal-enriched sedi-
ment is one probable route of exposure to aquatic 
organisms because they can either preferentially or 
incidentally ingest this material while they feed. Metal 
concentrations from the weak-acid extraction, a method 
that mobilizes the loosely associated, and thus more 
biologically relevant, fraction of metal in the streambed 
sediment, greatly exceed established aquatic life crite-
ria guidelines. The total extraction does not differenti-
ate between the proportion of metal associated with the 
mineralogical form and the proportion of metal contrib-
uted from anthropogenic activities. Therefore, the con-
centrations extracted using the weak-acid extraction are 
a more conservative estimate of metals concentrations 
to compare with aquatic criteria values. 


Total mercury and methylmercury values in sed-
iments and water and dissolved zinc also exceed 
aquatic life protection guidelines. The aquatic macroin-
vertebrate communities in upper Silver Creek are 
impaired compared to other sites in the area, with low 
richness and a higher percentage of tolerant taxa. These 
multiple lines of evidence further support the notion 
that the study sites in Silver Creek are severely 
impaired for aquatic life.


Silver Creek discharges into the Weber River, and 
although its flow is low relative to that of the Weber 
River, Silver Creek appears to have influenced the 
downstream reach, as evidenced by data collected at the 
Weber River at Coalville (site 7). Although concentra-
tions of metals in the water column are below levels of 
concern at this site, concentrations of cadmium, lead, 
zinc, and mercury in streambed sediment remain ele-
vated.


Eroded tailings deposited along Silver Creek and 
in the watershed are the most probable source of metals 
contamination to the stream. Several untreated and 
exposed tailings piles exist in the reaches between sites 
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Figure 9.  Macroinvertebrate taxa richness and percentage of 
Ephemeroptera, Plecoptera, and Trichoptera (EPT) taxa by metals index 
for selected sites near Park City, Utah, August 2000.


Figure 10.  Percentage of intolerant macroinvertebrate taxa by metals 
index at selected sites near Park City, Utah, August 2000.
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1 and 3. Mitigation measures have been taken for most 
of the tailings piles, but it is likely that the creek sedi-
ments still reflect historical erosion. 


McLeod, Kimball, and Spring Creeks, on the 
western side of Snyderville basin, are relatively unim-
paired compared to Silver Creek, but lead and zinc con-
centrations in sediments may still pose a risk to aquatic 
life in McLeod Creek. 
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ah, July 2000


L; TEL, Threshold Effects Level (Buchman, 1999);  


Nickel
(µg/g)


Silver
(µg/g)


Vanadium
(µg/g)


Zinc
(µg/g)


4.8 1.5 10.9 2,893


±.2 ±1.7 ±.1 ±121


4.9 6.8 11.9 6,198


±.1 ±6.6 ±.7 ±94


2.0 16.7 11.3 6,714


±.5 ±10.9 ±8.5 ±709


2.8 .3 6.4 4,478


±.3 — ±.4 ±335


1.6 .3 5.3 1,724


±.1 ±.1 ±.3 ±156


7.3 .1 5.7 1,087


±1.1 ±.0 ±1.1 ±161


3.3 .1 5.6 349


±.3 ±.02 ±.6 ±23


35.9 21.0 — 315


18 14.5 — 123

APPENDIX A


Table A-1. Concentration of metals in streambed sediments, extracted by using a weak-acid (hydrochloric) technique for selected sites near Park City, Ut


[µg/g, micrograms per gram; Mn, Mean; Std, Standard deviation;  ±, plus or minus; PEL, Probable Effects Level (Buchman, 1999); bold values exceed the PE
—, no data]


Site no. Site Aluminum
(µg/g)


Cadmium
(µg/g)


Chromium
(µg/g)


Copper
(µg/g)


Iron
(µg/g)


Lead
(µg/g)


Manganese
(µg/g)


1 Silver Creek at 
Bonanza Drive


Mn 2,422 20.3 7.2 112 4,072 922 807


Std ±148 ±.9 ±.9 ±21 ±165 ±176 ±286


2 Silver Creek above  
Richardson Flat


Mn 1,564 40.5 4.1 447 11,737 6,832 1,267


Std ±106 ±1.7 ±.5 ±85 ±3,362 ±171 ±294


3 Silver Creek near 
Atkinson


Mn 952 36.4 4.7 509 12,806 6,915 1,609


Std ±197 ±13.2 ±1.2 ±161 ±4,630 ±1,176 ±214


4 Silver Creek at 
Wanship


Mn 1,382 38.1 1.7 26 3,008 1,256 1,049


Std ±60 ±3.5 ±.2 ±15 ±106 ±149 ±580


7 Weber River at 
Coalville


Mn 952 6.4 1.5 48 2,789 739 1,101


Std ±36 ±.7 ±.1 ±6 ±675 ±70 ±198


8 McLeod Creek at 
Highway 224


Mn 1,541 3.3 2.9 35 4,270 197 603


Std ±214 ±.6 ±.1 ±5 ±712 ±20 ±221


9 Kimball Creek at 
Interstate-80


Mn 1694 1.4 2.0 18 4,524 63 710


Std ±89 ±.1 ±.2 ±1.4 ±1,221 ±3.1 ±173


Guideline (PEL) — 3.5 90 197 — 91 11,100


Guideline (TEL) — .60 37.3 35.7 — 35 —
1Upper Effects Threshold, above which toxicity is expected.
2Effects Range M edian, som ewhat equivalent to PEL.
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APPENDIX  B


Table B-1. Total concentration of metals in streambed sediments, extracted by using a multi-acid, total extraction  
technique for selected sites near Park City, Utah, July 1999


[µg/g, micrograms per gram]


Constituent


Silver Creek Weber River


Richardson
(site 2)


Wanship
(site 4)


Wanship
(site 5)


Northeast Wanship
(site 6)


Coalville
(site 7)


Aluminum (percent) 3.9 5.0 4.7 4.2 4.3


Antimony (µg/g) 330 110 .42 65 65


Arsenic (µg/g) 440 110 4.8 67 58


Barium (µg/g) 680 730 430 530 480


Beryllium (µg/g) 1.5 1.4 1.2 1.4 1.6


Cadmium (µg/g) 120 35 .4 16 15


Chromium (µg/g) 72 59 52 47 50


Cobalt (µg/g) 28 9.1 6.5 7.7 7.3


Copper (µg/g) 750 190 17 130 120


Iron (percent) 7.6 2.9 2.0 2.5 2.4


Lead (µg/g) 12,000 2,900 17 1,700 1,700


Manganese (µg/g) 5,800 900 440 860 1,200


Mercury (µg/g) 19 6.8 .03 2.3 2.8


Molybdenum (µg/g) 5.6 1.2 <.5 .67 .64


Nickel (µg/g) 28 17 16 13 17


Selenium (µg/g) 20 2.0 .45 2 1.2


Silver (µg/g) 96 26 .28 11 9.0


Strontium (µg/g) 170 250 130 200 150


Thallium (µg/g) 6.3 2.2 <1 1.5 1.0


Uranium (µg/g) 4.4 2.9 2.7 2.9 2.6


Vanadium (µg/g) 66 64 53 57 48


Zinc (µg/g) 17,000 4,700 57 2,800 2,900







APPENDIX C


Table C-1. Physical properties and concentration of dissolved and total metals in water for selected sites near Park City, Utah, March 


[cfs, cubic feet per second; oC, degrees Celsius; µS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter; µg/L, micrograms per liter; 


Site 
no.


Date 
sampled


Discharge 
(cfs)


Water 
Temper-ature


(oC)


Specific 
conduc-


tance 
(µS/cm)


pH
Dissolved 


oxygen 
(mg/L)


Oxygen 
saturation 
(percent)


Arsenic
(µg/L)


Barium
(µg/L)


Bery-
lium


(µg/L)


Boron
(µg/L)


Cad-
mium
(µg/L)


Chro-
mium
(µg/L)


Cobalt
(µg/L)


Copper
(µg/L)


Iron
(µg/L)


Dissolved


1 03/10/2000 0.89 0 7,430 8.0 11.9 99 1.85 128 <1 45.4 3.74 13.1 2.13 25.8


1 08/16/2000 .16 16.1 1,490 7.3 6.6 86 5.88 124 <1 69.5 <1 <.8 <1 2.98 19.0


2 03/14/2000 9.7 1.1 1,260 7.8 11.0 99 8.31 55.1 <1 27.8 2.42 <1 1.19 1.73 27.4


2 04/24/2000 10.5 2,240 7.6 9.0 103 1.80 73.7 <1 46.8 2.94 <.8 1.50 3.41 5.87 e


2 05/16/2000 3.e 593 8.9 5.30 43.9 <1 32.5 <1 <.8 <1 2.25


2 06/12/2000 .5 1,000 7.9 5.27 46.2 <1 37.5 1.54 .43 e <1 2.18


2 08/16/2000 .58 19.3 1,580 7.5 6.8 95 7.67 55.9 <1 67.8 1.26 <.8 1.17 5.56 33.2


3 03/10/2000 7.1 7.2 1,360 7.8 10.4 102 18.0 56.9 <1 71.8 1.52 <1 <1 3.32


3 08/16/2000 2.8 22.8 1,630 7.6 8.5 126 19.9 35.0 <1 205 <1 <.8 <1 9.22


4 03/13/2000 10.7 8.6 1,080 8.7 10.6 112 24.9 198 <1 101 1.58 <1 <1 6.76


4 08/21/2000 1.9 1,210 10.1 155 <1 86.0 <1 <.8 <1 3.46


5 03/14/2000 66.5 4.1 360 8.4 12.2 116         <10


5 08/14/2000 170 16.3 358 7.8 4.5 58 1.60 81.0 <1 19.3 <1 <.8 <1 <1


7 3/21/2000 85. e 5.2 464 8.4 12.3 118 3.39 94.9 <1 23.3 <1 <1 <1 1.06 10.1


7 8/23/2000 205 18.0 394 8.2 10.3 133 2.12 88.4 <1 25.0 <1 <.8 <1 <1 11.2


8 03/10/2000 10.6 6.8 2,910 8.2 11.7 114 24.8 48.2 <1 18.8 <1 2.09 <1 9.05


8 08/21/2000 3.4 11.3 8.2 8.82 38.9 <1 23.3 <1 <.8 <1 1.61


10 03/11/2000 6.1 1,260 8.4 12.2 124 8.20 124 <1 17.5 <1 <1 <1 2.07


10 08/08/2000 .1 12.5 630 8.2 10.2 120 1.05 139 <1 15.3 <1 <.8 <1 1.19


Total


1 08/16/2000 7.49 120 <5 1.59 <1 <1.8 <20 193


2 08/16/2000 14.2 56.2 <5 4.30 .572 e <1.8 <20 671


3 08/16/2000 23.0 34.2 <5 .395 .648 e <1.8 <20 43.8


4 08/21/2000 11.6 145 <5 2.04 1.09 <1.8 <20 152


7 8/23/2000 2.50 e 89.5 <5 .135 .582 e <1.8 <20 168


8 08/21/2000 9.42 36.0 <5 <.11 .673 <1.8 <20 80.4


Criteria1 150 7.3 30.5


Criteria2 150 4.2 16.9


1Ambient Water Quality Criteria for protection of aquatic life (U.S. Environmental Protection Agency, 1999) chronic exposure criteria, calculated for hardness of 400 mg/L CaCO3, typical 
values for sites 1-4.


2Ambient Water Quality Criteria, chronic exposure, calculated for hardness of 200 mg/L CaCO3, typical values for sites 5-7.
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to August 2000


e, estimated]


Site no. Date 
sampled


Lead
(µg/L)


Manga-nese
(µg/L)


Tha-
lium


(µg/L)


Molyb-
denum
(µg/L)


Nickel
(µg/L)


Silver
(µg/L)


Stron-
tium


(µg/L)


Vanadium
(µg/L)


Zinc
(µg/L)


Anti-
mony
(µg/L)


Alu-
minum
(µg/L)


Lithium
(µg/L)


Sele-
nium
(µg/L)


Ura-
nium
(µg/L)


Mer-
cury


(µg/L)


Dissolved


1 3/10/2000 <1 1,460 <.9 1.92 2.07 <1 1,580 <1 252 7.68 29.9 19.7 0.954


1 8/16/2000 1.43 52.0 <.9 3.97 <1 <1 478 1.20 89.6 4.78 4.276 10.6 .488 e


2 3/14/2000 <1 405 <.9 2.08 1.51 <1 803 <1 970 2.79 1.09 10.7 1.29


2 4/24/2000 2.18 437 <.9 1.19 5.46 <1 687 <1 1650 7.39 16.2 9.56 1.09


2 5/16/2000 2.06 138 <.9 1.78 3.89 <1 658 <1 552 4.93 10.8 8.80 1.46


2 6/12/2000 2.20 474 <.9 1.66 3.78 <1 752 <1 758 4.48 1.16 9.97 .815


2 8/16/2000 2.83 713 <.9 2.90 2.05 <1 942 <1 1,800 9.06 <1 14.2 .831


3 3/10/2000 3.24 410 <.9 6.66 <1 <1 678 <1 1170 11.2 1.86 12.9 .538 e


3 8/16/2000 4.27 13.3 <.9 16.4 <1 <1 544 1.09 100 10.8 2.82 11.8 .832


4 3/13/2000 8.40 347 <.9 3.92 <1 <1 1,020 2.09 569 16.9 2.42 22.9 .921


4 8/21/2000 2.59 26.2 <.9 4.20 <1 <1 515 4.53 161 11.3 <1 12.8 .426 e


5 03/14/00  20.5          


5 8/14/2000 <1 64.0 <.9 <1 <1 <1 164 1.04 33.9 <1 <1 4.80 <.7


7 3/21/2000 1.58 37.0 <.9 <1 2.23 <1 227 <1 44.6 1.00 1.67 5.99 <.7


7 8/23/2000 <1 22.8 <.9 <1 <1 <1 188 1.74 4.76 <1 <1 5.77 <.7


8 3/10/2000 <1 101 2.22 4.11 1.17 <1 2,020 <1 40.4 10.5 6.90 8.85 1.84


8 8/21/2000 <1 36.6 .491 e 2.43 <1 <1 779 1.28 20.4 2.78 <1 6.28 1.71


10 3/11/2000 <1 46.4 <.9 1.85 <1 <1 582 <1 13.6 1.67 1.18 7.95 .937


10 8/8/2000 <1 3.90 <.9 <1 <1 <1 476 1.14 3.6 <1 2.53 4.59 .442   e


Total


1 8/16/2000 12.8 63.4 2.65 1.68 e <1 479 133 4.3 53.9 10.3 <2.6 2.36 <.3


2 8/16/2000 65.8 831 2.57 5.5 <1 958 2,060 9 47.2 13.1 <2.6 2.21 <.3


3 8/16/2000 15.7 17.8 12.7 1.85 <1 539 119 10.5 <28 10.9 <2.6 <.3


4 8/21/2000 24.1 55.7 2.97 1.70  e <1 490 246 12.1 145 11.0 <2.6 1.78 <.3


7 8/23/2000 12.3 99.1 <1 <1.8 <1 174 23.7 e 1.1 104 5.87 e <2.6 <1


8 8/21/2000 1.45 41.4  2.52 <1.8 <1 748  <31 2.4 41.2 6.59 e 1.59 e 2.14 <.3


Criteria1 18.6 168 388


Criteria2 7.7 93.8 215

     C-2
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CONVERSION FACTORS, DATUMS, AND ABBREVIATED WATER-QUALITY 
UNITS


Water temperature in degrees Celsius (oC) can be converted to degrees Fahrenheit (oF) by using the 
following equation:


oF = 9/5(oC)+32.


Horizontal coordinate information is referenced to the North American Datum of 1927 (NAD 27).


Chemical concentration and water temperature are reported only in metric units. Chemical concentra-
tion is reported in milligrams per liter (mg/L) or micrograms per liter (µg/L). Milligrams per liter is a 
unit expressing the mass of solute per unit volume (liter) of water. For concentrations less than 7,000 
milligrams per liter, the numerical value is about the same as for concentrations in parts per million. 
Specific conductance is reported in microsiemens per centimeter at 25 degrees Celsius (µS/cm).


Multiply By To obtain
kilogram per day (kg/day) 2.2 pound per day


milligram per second (mg/s) .1901 pound per day
liter per second (L/s) .0353 cubic foot per second (ft3/s)


meter (m) 3.281 foot (ft)
micrometer (µm) 3281000 foot (ft)


milliliter (mL) .000264 gallon







QUANTIFICATION OF METAL LOADING TO SILVER CREEK 
THROUGH THE SILVER MAPLE CLAIMS AREA, PARK CITY, 
UTAH, MAY 2002


By Briant A. Kimball, Kevin K. Johnson, Robert L. Runkel, and Judy I. Steiger

ABSTRACT


The Silver Maple Claims area along Silver 
Creek, near Park City, Utah, is administered by the 
Bureau of Land Management. To quantify possible 
sources of elevated zinc concentrations in Silver 
Creek that exceed water-quality standards, the 
U.S. Geological Survey conducted a mass-loading 
study in May 2002 along a 1,400-meter reach of 
Silver Creek that included the Silver Maple 
Claims area. Additional samples were collected 
upstream and downstream from the injection reach 
to investigate other possible sources of zinc and 
other metals to the stream. Many metals were 
investigated in the study, but zinc is of particular 
concern for water-quality standards. The total 
loading of zinc along the study reach from Park 
City to Wanship, Utah, was about 49 kilograms 
per day. The Silver Maple Claims area contributed 
about 38 percent of this load. The Silver Creek 
tailings discharge pipe, which empties just inside 
the Silver Maple Claims area, contributed more 
than half the load of the Silver Maple Claims area. 
Substantial zinc loads also were added to Silver 
Creek downstream from the Silver Maple Claims 
area. Ground-water discharge upstream from the 
waste-water treatment plant contributed 20 percent 
of the total zinc load, and another 17 percent was 
contributed near the waste-water treatment plant. 
By identifying the specific areas where zinc and 
other metal loads are contributed to Silver Creek, 
it is possible to assess the needs of a remediation 
plan. For example, removing the tailings from the 
Silver Maple Claims area could contribute to 


lowering the zinc concentration in Silver Creek, 
but without also addressing the loading from the 
Silver Creek tailings discharge pipe and the 
ground-water discharge farther downstream, the 
zinc concentration could not be lowered enough to 
meet water-quality standards. Additional existing 
sources of zinc loading downstream from the 
Silver Maple Claims area could complicate the 
process of lowering zinc concentration to meet 
water-quality standards.


INTRODUCTION


Thousands of historical mining sites are located 
on Federally managed lands in the Western United 
States. Federal land management and regulatory agen-
cies, often in cooperation with stakeholder groups, are 
faced with the challenge of choosing sites where they 
can implement remediation to lessen the effect of zinc 
and other toxic metals on streams in mountainous 
watersheds. Decisions about remediation of individual 
sites in a watershed require an understanding of the 
location and magnitude of metal loading.


Tracer-injection methods and synoptic sampling 
have been combined to quantify mass loading in many 
watersheds affected by abandoned and inactive mines 
and tailings. Mass-loading studies, together with geo-
logic and biologic studies, can provide information that 
is needed to make science-based decisions for improve-
ment of water quality in a watershed (Buxton and oth-
ers, 1997). The Silver Maple Claims (CERCLIS # 
TUD980951396) area along Silver Creek, near Park 
City, Utah, is administered by the Bureau of Land Man-
agement (BLM). Mason (1989) investigated the 
hydrology of the Prospector Square area. Results of 
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that study indicate a substantial increase in zinc (Zn) 
load in the vicinity of the Silver Maple Claims area, 
and that is attributed to the high concentrations of Zn 
that were measured in discharge from the Silver Creek 
tailings discharge pipe (CERCLIS # UTD980951404). 
A consultant report describes the details of the dis-
charge pipe (Dames and Moore, written commun., 
1975). Giddings and others (2001) observed elevated 
metal concentrations in streambed sediments of Silver 
Creek. The geology of the area is described by Broom-
field and Crittenden (1971).


The purposes of this report are to (1) determine 
the net metal loading to Silver Creek through the Silver 
Maple Claims area, (2) identify locations of metal load-
ing through the study reach, and (3) calculate mass 
loading at additional sites outside the study reach. To 
meet these objectives, the U.S. Geological Survey 
(USGS) designed a mass-loading study along a 1,400-
m study reach that included the Silver Maple Claims 
area (fig. 1). Seven additional samples were collected 
outside of this injection reach, one upstream from the 
injection reach in Park City, one from the Pace-Homer 
ditch near the injection reach, and five downstream 
from the injection reach, the farthest one being in Wan-
ship. Thus, two scales were used for the mass-loading 
calculations: a detailed scale in the injection reach, and 
a larger scale over the length of the Silver Creek study 
reach from Park City to Wanship. 


This work was funded by the Bureau of Land 
Management and the Utah Department of Environmen-
tal Quality through the cooperative program of the U.S. 
Geological Survey. Valuable field assistance was given 
by many individuals from the stakeholder group 
including: Heidi Hadley and Tim H. Ingwell of the 
Bureau of Land Management; John Whitehead, Alan V. 
Jones, and Ann Tillia of the Utah Department of Envi-
ronmental Quality; Luke Chavez of the U.S. Environ-
mental Protection Agency; Jay Cederberg and Steve 
Gerner of the U.S. Geological Survey; and Kerry Gee 
and Paul Lammers of United Park City Mines Com-
pany. James Mason, of the U.S. Geological Survey pro-
vided many useful suggestions on the hydrology of the 
area.


METHODS


The application of tracer-injection methods to 
mine drainage has been developed as part of the USGS 
Toxic Substances Hydrology Program (Bencala and 
McKnight, 1987; Kimball and others, 1994; Kimball 
and others, 2002). To evaluate the relative importance 
of multiple sources and the effects of instream pro-
cesses, the stream and inflows must be considered in 
the hydrologic context of loads, not just in terms of 
concentrations. The load of a constituent is the product 
of its concentration and the discharge at the sampling 
site. One inflow could have a low metal concentration, 
and another could have a high concentration, but their 
discharges could differ enough so that their loads might 
be the same, in which case they would have the same 
effect on the downstream concentration.


Quantification of discharge in mountain streams 
presents unique challenges. In the Silver Maple Claims 
area, numerous beaver dams retard the flow of Silver 
Creek. The traditional area-velocity method of measur-
ing discharge does not work in the sequence of ponds 
and braided channels. Thus, a measurement of dis-
charge in the stream channel may miss a substantial 
percentage of the streamflow, resulting in an underesti-
mate of metal loads.


A tracer-dilution approach is better suited for the 
problem of source determination in such a stream. In a 
complex stream like Silver Creek, the tracer must be 
injected for a sufficiently long time to come to a pla-
teau, or steady-state condition, along the injection 
reach. Synoptic sampling of instream and inflow chem-
istry provides a spatially detailed “snapshot” of stream 
water quality. This sampling occurs during the tracer 
plateau. Typically one integrated sample is collected at 
a specified distance. In Silver Creek, this was possible 
at several locations at the beginning and end of the 
Silver Maple Claims area and a few other locations. 
Where the stream was spread out over a wide area 
because of beaver ponds, samples were collected near 
the left, center, and right of the stream area at the spec-
ified distances (table 1). 


 Sampling sites were selected during two recon-
naissance visits to the study reach (table 1). Three sam-
ples were collected from inflows and 44 samples were 
collected from the stream. Eight quality-assurance 
samples were also collected to test replication, field 
equipment, and filtering equipment. Although it was  
possible to identify where most of the water was 
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Figure 1. Location of study reach, injection reach, and sampling sites outside the study reach, Silver Creek, Utah.
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Table 1. Sample identification, source, downstream distance, site description, location, discharge, and tracer concentration for synoptic sampling sites, 

Table 1. Sample identification, source, downstream distance, site description, location, discharge, and tracer concentration for synoptic sampling sites, 
Silver Creek, Utah—Continued


Sample 
identification Source Distance


(meters) Segment Site description Latitude Longitude Discharge
(L/s)


Concentra-
tion of 


bromide
(mg/L)


1SCS-0000 S 0 S1 Silver Creek below confluence of Ontario, Empire & Deer 
Valley


40.65003 111.50002 71.9 0.15


SCS-0072 S 72 S2 Stream up from road culvert, upstream from injection 40.66685 111.48520 42.5 .15
SCS-0225 S 225 S3 Upstream from footpath culvert 40.66667 111.48334 42.5 4.57
SCS-0265 S 265 S4 T1 site - Upstream end of Prospector park pond 40.66781 111.48340 42.5 4.53
SCS-0360 S 360 S5 T2 site - Weir at end of Prospector park pond - start of Silver 


Maple Claims area (BLM property)
40.66827 111.48228 42.5 4.21


SCI-0370 LBI 370 - End of Silver Creek tailings ground-water pipe 40.66838 111.48231 212.7 .77
1SCI-0375 LBI 375 - Pace Homer Ditch at U.S. Highway 248 (across road from 


park pond)
40.66668 111.48647 395 <.05


SCI-0378 LBI 378 - Standing water to right of tailings, upstream from BLM fence 40.66668 111.46676 NC .44
SCS-0398A S 398 S6 Outflow of pond with Prospector pipe discharge - replicate 40.66843 111.48209 84.9 2.88
SCS-0398B S 398 S6 Outflow of pond with Prospector pipe discharge - replicate 40.66843 111.48209 84.9 2.98
SCS-0490R S 498 - Toward middle of marsh area 40.66668 111.46675  NC 2.90
SCS-0498C S 498 S7 Channel outside fence along right bank 40.66668 111.47190 84.9 2.83
SCS-0498L S 499 - Sample toward left bank 40.66883 111.48130  NC 3.36
SCS-0543L S 542 - Left bank upstream from beaver pond 40.66761 111.47141  NC 2.76
SCS-0543C S 543 S8 Center upstream from beaver pond 40.66668 111.46675 85.1 2.89
SCS-0543R S 544 - Right side at start of beaver pond 40.66805 111.46675 85.1 2.72
SCS-0576 S 576 S9 At breach made in mud beaver pond 40.66668 111.46675 85.1 2.92
SCS-0637L S 637 S10 Overflow from small dam/pond 40.66758 111.47134 85.1 2.90
SCS-0637R S 637 S10 Overflow from small dam/pond 40.66758 111.47134 85.1 2.98
SCS-0684 S 684 S11 Center at start of central pond 40.66941 111.47910 85.1 3.02
SCS-0711 S 710 S12 Left at return of right bank channel outside fence 40.66935 111.47878 85.1 2.96
SCS-0778A S 778 S13 T3 site - Downstream end of small pond below large pond 40.66985 111.47832  NC 2.73
SCS-0778B S 778 S13 T3 site - Downstream end of small pond below large pond 40.66985 111.47832  NC 2.63
SCS-0832L S 831 - Left side near fallen tree along left bank - most of flow on left 40.67002 111.47771 90.2 2.66
SCS-0832C S 832 S14 Center near fallen tree along left bank 40.67002 111.47771 90.2 2.73
SCS-0832R S 833 - Right side near fallen tree along left bank 40.67002 111.47771 90.2 2.70
SCS-0877 S 877 S15 Upstream end of pond with large beaver lodge 40.66997 111.47725 90.2 2.75
SCS-0940 S 940 S16 Channel flow downstream from beaver pond at cut bank 40.66793 111.47022 90.2 2.75
SCS-0990L S 989 - Left side with spread out channel near post 40.66792 111.47052  NC 2.67
SCS-0990C S 990 - Center channel between two other samples 40.66787 111.47051  NC 2.68
SCI-0991 LBI 991 - Left bank ditch as possible inflow water 40.66795 111.50123  NC .46
SCS-0992 S 992 S17 Channel gathered - good for discharge measurement 40.67017 111.47632 90.2 2.83
SCS-1017 S 1,017 S18 Fence at downstream; end of Silver Maple Claims area 


(BLM property)
40.67030 111.47572 90.2 2.75


SCS-1079L S 1,079 - Left side at small dam down from Silver Maple 40.67052 111.47511  NC 2.70
SCS-1079C S 1,080 - Center at small dam down from Silver Maple 40.67052 111.47511  NC 2.81
SCS-1079R S 1,081 S19 Right side at small dam down from Silver Maple 40.67052 111.47511 90.2 2.82
SCI-1140 LBI 1,140 - Drainage from breach of Pace Homer Ditch 40.67093 111.47482  NC .06
SCS-1162 S 1,162 - At a dam up from bridge 40.67083 111.47419  NC 2.62
SCS-1165 S 1,165 - Left bank sample in channel with irrigation inflow 40.67098 111.47419  NC 2.09
SCS-1212 S 1,212 S20 Upstream end of pond at final bridge 40.67101 111.47368 90.2 2.78
SCS-1344A S 1,344 S21 T4 site - Down from pond at bridge - replicate 40.66818 111.46868 90.2 2.80
SCS-1344B S 1,344 S21 T4 site - Down from pond at bridge - replicate 40.66818 111.46868 90.2 2.64
SCS-1380 S 1,380 S22 At small, old wood walking bridge 40.67095 111.47168 90.2 2.61
SCS-1420 S 1,420 S23 End of reach down from pipes across stream 40.67129 111.47154 90.2 2.61
1SCS-5000A S 5,000 S24 Silver Creek 100 meters above Richardson Flat 40.68108 111.45805 165 <.05


Silver Creek, Utah


[Sample identification, unique sample identifier; Source: S, stream; LBI, left bank inflow; Distance along the study reach, in meters; BLM, Bureau of Land 
Management; Latitude and Longitude, in decimal degrees; L/s, liters per second; mg/L, milligrams per liter; NC, discharge not calculated, sample was not in 
the main channel; <, less than]
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1SCS-5000B S 5,500 S25 Silver Creek 50 meters below U.S. Highway 248 road 
crossing


40.68562 111.45286 235 <.05


1SCS-6000A S 6,000 S26 Silver Creek above Silver Creek waste-water treatment plant 40.71946 111.47138 28.9 <.05
1SCS-6000B S 6,500 S27 Silver Creek below Silver Creek waste-water treatment plant 40.73404 111.47636 117 <.05
1SCS-7000 S 7,000 S28 Silver Creek at town of Wanship 40.80351 111.40272 532 <.05 


1Sample collected on 5/1/2002, outside of mass-loading study reach.
2Measured by flow meter at the end of the pipe.
3Discharge of ditch does not contribute to the discharge of Silver Creek in the study reach.


Table 1. Sample identification, source, downstream distance, site description, location, discharge, and tracer concentration for synoptic sampling sites, 
Silver Creek, Utah—Continued


Sample 
identification Source Distance


(meters) Segment Site description Latitude Longitude Discharge
(L/s)


Concentra-
tion of 


bromide
(mg/L)

moving along the study reach in those parts of Silver 
Creek affected by beaver dams, in some areas all the 
water entered large beaver ponds. Each stream sample 
that was considered in the main channel (table 1) 
defines the downstream end of a stream segment. Each 
stream segment was given a sequential number from 
upstream to downstream, and each represents the mass 
loading contributed by a given part of the watershed. 
The length of the segment is the difference between the 
upstream and downstream distances. A schematic view 
of the sampling sites for the injection reach is shown in 
figure 2.


To quantify the arrival, plateau, and departure of 
the tracer, continuous samples were collected at four 
sites along the study reach. During the 72 hours prior to 
the synoptic sampling, samples at these transport sites 
define the hydrologic properties of the stream. The 
arrival and departure of the tracer provide information 
about the residence time between sites, stream cross-
sectional area, exchange rate of the stream with the 
hyporheic zone, and the stream discharge as the tracer 
reaches a plateau concentration. Transport samples 
were collected by individuals at the transport sites 
during the arrival and departure periods and by auto-
sampler throughout the plateau of the injection period. 
Transport sites were located at the upstream end of the 
pond in Prospector Park (T1), at the weir at the down-
stream end of the pond in Prospector Park (T2), down-
stream from the largest beaver pond where there is a 
majority of flow for a short reach (T3), and at the end 
of the study reach (T4). Only one 125-mL bottle of fil-
tered, untreated (FU) water is collected for the trans-
port sampling.


Several publications provide details about tracer 
injections, including Bencala and others (1990), Bros-
hears and others (1993), Kimball and others (1994, 
1999, 2001, and 2002), and Zellweger and others 
(1988).


Tracer Injection


The tracer injection began with a careful evalua-
tion of all visible inflows to the injection reach, which 
was accomplished by walking the entire  reach from 
Prospector Park to the end near 1,421 m (fig. 2). Sam-
pling sites within the injection reach are referenced in 
this report by the measured downstream distance along 
the injection reach. The distance from one stream site 
to the next site downstream represents a stream seg-
ment. The injection began at 10:55 hours on April 29, 
2002, and continued until 16:55 hours on May 2, 2002. 
Sodium bromide was selected for the injection solu-
tion. Bromide (Br) was considered a good tracer 
because of the high pH of the stream and the lack of 
geologic sources of Br in the watershed. The injection 
solution had a Br concentration of 255,500 mg/L, and 
was injected at a rate of 0.00107 L/s. 


Precision metering pumps were used to inject the 
tracer. A Campbell CR-10 data logger controlled the 
pumps by counting pump revolutions and adjusting the 
voltage to maintain a constant number of revolutions 
for each 2-minute period. This careful control assures 
that any observations of tracer concentration down-
stream result from hydrologic change and not from 
pump variation. In the analysis of this experiment, Br is 
assumed to be a conservative tracer. No adverse effects 
were observed from the injection of the tracer solution.


A continuously injected chemical tracer provides 
a way to measure discharge that includes the hyporheic 
flow of the stream because it follows the water as it 
moves in and out of the streambed. During base-flow 
conditions, tracer dilution allows the detection of 
increases in streamflow of only a few percent. Once the 
tracer reaches a steady concentration at each point 
along the stream, called the plateau condition, 

Methods 5







Q C( )


 


Figure 2. Schematic map of injection reach, Silver Creek, Utah.
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discharge can be calculated at any point. During the 
tracer plateau, numerous samples along the stream 
provide a synoptic sampling. Each stream sample has a 
measured discharge because of the tracer concentration 
in the synoptic sample.


Concentrations of bromide in stream environ-
ments are typically low, with background concentra-
tions at or near the lower detection limits. Spatial 
variability in background concentrations is low, such 
that background concentrations are nominally uniform. 
Assuming uniform background concentrations, stream 
discharge at any location downstream from the injec-
tion is given by:


(1)


where
QD is stream discharge, in L/s,


QINJ is the injection rate, in L/s,
CINJ is the injectate concentration, in mg/L,


CD is the tracer concentration at plateau, in mg/L, 
and


CB is the naturally occurring background 
concentration, in mg/L.


The amount of tracer dilution between two con-
secutive stream sites indicates the total inflow from 
surface and ground water for that segment of the injec-
tion reach. Tracer dilution accounts for visible inflows, 


Q D
INJ INJ


CD CB–
---------------------------=
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such as tributaries and springs, as well as dispersed, 
subsurface inflow. To divide the total inflow within a 
stream segment into surface- and ground-water compo-
nents would require a secondary discharge measure-
ment of the inflow.


Sample Collection and Analysis


Synoptic sampling is used to quantify discharge 
and detailed longitudinal profiles of chemistry along a 
stream reach. For the injection reach, sampling pro-
ceeded from downstream (1,421 m) to upstream (72 m) 
to avoid disturbing the bed materials. Samples outside 
the injection reach were collected the day prior to the 
synoptic sampling. Because the flow was spread out 
over most of the bottom area of Silver Creek, many of 
the samples were grab samples across a transect of the 
area of flow. Where possible, samples were collected at 
well-defined stream cross sections by using integrating 
techniques (Ward and Harr, 1990). A hand-held, depth-
integrating, Teflon sampler was used for both the single 
vertical grab samples and the width-integrated samples. 
Temperature was measured at the time of sample col-
lection and recorded along with field notes about the 
sampling conditions, character of the streambed, and 
any important observations. Samples were transported 
to a centrally located field laboratory where filtration 
could occur with standardized procedures to control 
contamination. The processing included a (1) raw, 
untreated (RU) sample for pH and conductance; (2) a 
raw, acidified sample (RA) for total-recoverable met-
als; (3) a 0.45-µm filtered, acidified (FA) sample for fil-
tered metal concentrations; and (4) a 0.45-µm filtered, 
untreated (FU) sample for tracer and other anions.


Colloidal metal concentrations are important for 
understanding the transport and transformation of 
metals (Kimball and others, 1995). The colloidal con-
centration was calculated as the difference between the 
total-recoverable and the filtered concentrations (Kim-
ball and others, 1995). Metal concentrations were 
determined by inductively coupled argon plasma - mass 
spectrometry for calcium (Ca), magnesium (Mg), 
sodium (Na), potassium (K), aluminum (Al), cadmium 
(Cd), chromium (Cr), cobalt (Co), copper (Cu), iron 
(Fe), lead (Pb), lithium (Li), manganese (Mn), molyb-
denum (Mo), nickel (Ni), strontium (Sr), silica (SiO2), 
vanadium (V), and Zn. Anions were determined by ion 
chromatography and included sulfate (SO4), chloride 


(Cl), fluoride (F), the Br tracer, and nitrate (NO3). 
Alkalinity, as calcium carbonate (CaCO3), was deter-
mined by titration.


Mass-Loading Analysis


Because of the beaver dams throughout the injec-
tion reach, quantifying stream discharge was difficult. 
To quantify the change in load for the Silver Maple 
Claims area required accurate discharge and chemical 
measurements at the beginning (360 m) and end (1,017 
m) of the area. Stream discharge measurements were 
possible because both locations had reasonably well 
channelized cross sections and were easily sampled. To 
quantify more detailed changes in load was not as 
straightforward. Obtaining changes in discharge from 
the tracer was possible only for those segments where 
there was a clear change in tracer concentration. There 
were many individual segments for which discharge 
was unchanged. To quantify loads for those sites out-
side the injection reach required accurate discharge 
measurements by flow meter. Flow-meter measure-
ments do not include water transported in the hyporheic 
zone, which is quantified by a tracer-injection study 
(Kimball and others, 2002). 


Profiles of mass load along the study reach use 
three different views of load. Sampled instream load at 
individual sampling sites is calculated as:


(2)


where
Ma is the constituent load at location a, in kg/day,
Ca is the concentration of the selected constituent 


at location a, in mg/L, 
Qa is the discharge at location a, in L/s, and


0.0864 is the conversion factor from mg/s to kg/day.
Sampled instream load is calculated from the 


total-recoverable concentration of the constituent, but 
this value for load can be divided between the dis-
solved and the colloidal load if both filtered and total-
recoverable samples are collected. The longitudinal 
profile of sampled instream load is the basic data from 
the mass-loading study. 


The change in load between a pair of stream 
sites, or for a stream segment, accounts for the gain or 
loss of constituent load for that segment. For the 
change in load for the segment starting at location a 
and ending at location b, we calculate:


M a CaQ a 0.0864( )=
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(3)


where 
∆Ms is the change in sampled instream load 


from location a to b, in kg/day, 
Cb  is the concentration of the selected 


constituent at location b, in mg/L, 
  Qb is the discharge at location b, in L/s, 


  Ca and Qa are defined above, and
0.0864 is the conversion factor from mg/s to 


kg/day.
Gains in constituent load (∆Ms is greater than 


zero) imply that there is a source that contributes to the 
stream between the two stream sites. Instream load also 
can decrease within a stream segment (∆Ms is less than 
zero), meaning that there was a net loss of the constitu-
ent from physical, chemical, or biological processes. 
Summing all the increases in load between sampling 
sites along the study reach (positive values of ∆Ms) 
leads to the cumulative instream load. At the end of the 
study reach, the cumulative instream load is the best 
estimate of the total load added to the stream but is 
likely a minimum estimate because it only measures 
the net loading between sites and does not account for 
loss resulting from reaction.


For those segments that include a sampled 
inflow, it is possible to calculate a second value for load 
that is based upon the change in discharge between 
stream sites. This change, multiplied by constituent 
concentration in an inflow sample, produces an esti-
mate of the inflow load for a stream segment. If stream 
sites a and b surround an inflow sample, location i:


(4)


where
∆Mi is the change in sampled inflow load from 


location a to b, in kg/day,
Ci is the concentration of the selected 


constituent at inflow location i, in mg/L,
Qa and Qb are defined above, and 


0.0864 is the conversion factor from mg/s to 
kg/day.


Summing the inflow loads along the study reach 
produces a longitudinal profile of the cumulative 
inflow load. This sum can be compared to the cumula-
tive instream load to indicate how well the sampled 
inflows account for the load measured in the stream. 
The cumulative instream and cumulative inflow pro-


files would be equal if the sampled inflows were repre-
sentative of the constituent concentration for all the 
water entering the stream, but that is rarely the case. 
Ground-water inflow in streams affected by mine 
drainage commonly has higher concentrations of 
metals than the surface-water inflows in the same 
stream segment. This causes the profile of cumulative 
instream load to be greater than the profile of cumula-
tive inflow load, and can indicate important areas of 
unsampled inflow, which is defined as:


Unsampled inflow = ∆Ms-∆Mi. (5)


This can be calculated for individual stream seg-
ments if the segment included a sampled inflow, or for 
the entire injection reach. If the value is negative for the 
entire study reach, however, it can still be positive for 
some individual stream segments.


In considering estimates of stream discharge and 
metal concentration at each stream site, it is possible to 
predict an error for the change in load along a stream 
segment. The error is determined by the precision of 
both discharge and chemical measurements (Taylor, 
1997), according to an equation from McKinnon 
(2002):


Load Error = (6)


where 
Qa is the discharge at the upstream site, in L/s,


∆Ca is the concentration error at the upstream site, 
in mg/L,


Ca  is the concentration at the upstream site, in 
mg/L, 


∆Qa  is the discharge error at the upstream site, in 
mg/L, and


0.0864 is the conversion factor from mg/s to kg/day.
Load error can be calculated for each stream site 


and compared to the change in load from that site to the 
next site downstream, ∆Ms. If ∆Ms is greater than the 
calculated load error, then there has been a significant 
change in load. Only the changes of instream load that 
are greater than the load error are included in the longi-
tudinal profiles of sampled instream load and the 
cumulative instream load.


∆M s CbQ b CaQ a–( ) 0.0864)( )=


∆M i Ci Q b Q a–( ) 0.0864( )=


Q a
2∆Ca


2
Ca
2∆Q a


2
+( ) 0.0864( )
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QUANTIFICATION OF METAL LOADING


Descriptions of synoptic sampling sites, calcu-
lated discharge, and tracer concentrations are listed in 
table 1. Results of chemical analyses for the synoptic 
samples are presented in tables 2, 3, and 4. Although 41 
stream sites were sampled, these sites define only 28 
stream segments because some samples were multiple 
samples collected across the channel at the same dis-
tance and others were replicates collected at individual 
sites. Samples that are considered to be collected from 
the main channel of flow are indicated by segment 
numbers in the “Segment” column of table 1, and data 
from these samples are used to calculate loads for 
stream segments. 


Six stream samples and one inflow sample were 
collected outside the injection reach; a footnote indi-
cates these samples in table 1. The stream segments 
they represent are of a much different scale than that of 
the samples collected in the injection reach. Only one 
of these stream segments contained an inflow sample. 
Although there were inflows that could have been sam-
pled in these segments, that was not an objective of this 
study. Changes in tracer concentration in these seg-
ments can still provide information about possible 
metal loading to the stream.


The precision and accuracy of metal and anion 
analyses were determined by running sets of certified 
standards and standard reference samples repeatedly. 
This allowed the calculation of single operator preci-
sion by the method suggested by Friedman and Erd-
mann (1982). Precision was determined as a function 
of concentration and was calculated for individual sam-
ples from a power equation in load calculations. The 
coefficient and exponent of the power equations for 
each element are listed in table 5, along with lower 
detection limits and the average accuracy of repeated 
analyses of certified standards. 


Discharge


Breakthrough of the tracer was sampled at four 
sites along the study reach (transport sites are indicated 
as T1 through T4 in table 1). The difference in plateau 
concentration at these sites indicates the dilution from 
inflows to the stream between sites (fig. 3). Bromide 
concentration varied substantially during plateau peri-
ods for the transport sites. Samples were run several 
times to determine if this was an analytical problem, 


but the results were similar each time. Because other 
tracer-injection studies have not shown this kind of 
variation in Br concentration, something peculiar about 
the water in this area of beaver ponds could have 
caused the variation. The variation did not adversely 
affect the determination of plateau concentrations, 
however. Arrival of the tracer at each transport site 
indicates the average residence time for constituents 
between sites. 


Along the entire study reach from Park City to 
Wanship, discharge increased from 71.9 to 538 L/s, for 
a total increase of 466 L/s. Discharge at the site 
upstream from the waste-water treatment plant (6,000 
m) was only 28.9 L/s, which was much less than the 
discharge of 235 L/s measured at 5,500 m. A recon-
naissance of the section between the sites at 5,500 and 
6,000 m in May 2003 revealed that these two dis-
charges are not related. The discharge at 6,000 m repre-
sents dispersed discharge of ground water to the Silver 
Creek channel after the water at 5,500 m flows in an 
irrigation diversion (fig. 1). Thus, segment S25 repre-
sents the end of the load accounting that starts at seg-
ment S1, and segment 26 represents water draining the 
piles and flood-plain deposits of mine tailings between 
these two sites. The increase in discharge at 6,500 m 
represents the discharge of the waste-water treatment 
plant as well as a substantial ground-water inflow that 
could contribute to metal loading. 


Discharge increased by 47.7 L/s through the 
Silver Maple Claims area (from 360 m to 1,017 m). 
Bromide concentrations (fig. 4) only indicated three 
increases in discharge within the Silver Maple Claims 
area. The first increase occurred between 360 m and 
398 m where the pipe draining the Silver Creek tailings 
discharged to the stream. Tracer dilution accounted for 
an increase of 42.4 L/s in that stream segment, which 
was 89 percent of the increase through the Silver Maple 
Claims area. An individual measurement of discharge 
was made at the end of the pipe by using a flow meter 
and determining the cross-sectional area at the end of 
the pipe, indicating 12.7 L/s for the discharge of the 
pipe. This is slightly higher than 8.5 and 10.5 L/s, 
which were measured in 1987 before the end of the 
pipe was  under water (Mason, 1989). Thus, 30 percent 
of the increase in flow that was measured by the tracer 
was from the pipe and 70 percent was from dispersed, 
subsurface inflow.
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Table 2. Physical properties of synoptic and quality-assurance samples, Silver Creek, Utah—Continued


Sample identification Source
Distance 
(meters)


Date Time


Specific conductance 
(microsiemens  per 


centimeter at 25 
degrees Celsius)


pH 
(standard 


units)


Temperature 
(degrees 
Celsius)


SCS-0000 S 0 05/01/02 11:25 1,668 8.40 9.0


SCS-0072 S 72 05/02/02 15:00 1,621 8.90 12.0


SCS-0225 S 225 05/02/02 14:54 1,561 8.88 12.0


SCS-0265 S 265 05/02/02 14:50 1,542 8.91 11.5


SCI-0300 LBI 300 05/02/02 14:47 1,894 9.58 21.0


SCS-0360 S 360 05/02/02 14:33 1,596 8.83 13.5


SCI-0370 LBI 370 05/02/02 14:18 2,130 6.32 9.5


SCI-0375 LBI 375 05/01/02 12:05 994 7.98 12.5


SCI-0378 LBI 378 05/02/02 14:41 3,710 6.72 11.5


SCS-0398A S 398 05/02/02 14:02 1,693 7.65 13.0


SCS-0398B S 398 05/02/02 14:09 1,681 7.67 12.5


SCS-0490R S 497 05/02/02 13:56 1,788 7.69 14.0


SCS-0490R S 497 05/02/02 13:56 1,788 7.69 14.0


SCS-0498C S 498 05/02/02 13:51 1,785 7.85 14.0


SCS-0498L S 499 05/02/02 13:42 1,906 7.83 12.0


SCS-0543L S 542 05/02/02 13:33 1,861 7.96 12.5


SCS-0543C S 543 05/02/02 13:28 1,782 8.22 13.0


SCS-0543R S 544 05/02/02 13:21 1,852 7.92 12.0


SCS-0576 S 576 05/02/02 13:15 1,792 7.84 12.0


SCS-0637R S 637 05/02/02 13:08 1,773 8.55 11.5


SCS-0637L S 638 05/02/02 12:59 1,788 7.82 11.5


SCS-0684 S 684 05/02/02 12:45 1,778 7.77 11.5


SCS-0711 S 710 05/02/02 12:40 1,773 7.77 12.0


SCS-0778A S 778 05/02/02 11:52 1,836 7.77 9.0


SCS-0778B S 778 05/02/02 11:55 1,835 7.76 9.0


SCS-0832L S 831 05/02/02 11:43 1,855 7.73 9.0


SCS-0832C S 832 05/02/02 11:40 1,857 7.77 8.5


SCS-0832R S 833 05/02/02 11:24 1,870 7.76 9.0


SCS-0877 S 877 05/02/02 11:19 1,884 7.78 8.5


SCS-0940L S 940 05/02/02 10:57 1,904 7.72  


SCS-0990L S 989 05/02/02 11:08 1,880 7.67 8.0


SCS-0990C S 990 05/02/02 11:15 1,883 7.61 8.0


SCI-0991 LBI 991 05/02/02 10:52 2,480 7.36 7.5


SCS-0992 S 992 05/02/02 10:49 1,906 7.73 8.0


SCS-1017 S 1,017 05/02/02 10:38 1,913 7.77 7.5


SCS-1079L S 1,079 05/02/02 10:30 1,957 7.76 8.0


SCS-1079C S 1,080 05/02/02 10:26 1,936 7.74 7.0


SCS-1079R S 1,081 05/02/02 10:23 1,931 7.74 7.0


SCI-1140 LBI 1,140 05/02/02 10:09 999 8.10 9.5


SCS-1162 S 1,162 05/02/02 10:13 1,934 7.72 6.5


SCS-1165 S 1,165 05/02/02 10:05 1,801 7.76 8.0


SCS-1212 S 1,212 05/02/02 9:55 1,920 7.68 6.0


SCS-1344A S 1,344 05/02/02 9:38 1,942 7.65 6.0


Table 2. Physical properties of synoptic and quality-assurance samples, Silver Creek, Utah


[Source: S, stream, LBI, left bank inflow]
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SCS-1344B S 1,344 05/02/02 9:40 1,939 7.69 6.0


SCS-1380 S 1,380 05/02/02 9:30 1,801 7.75 6.0


SCS-1420 S 1,420 05/02/02 9:25 1,923 7.78 6.0


SCS-5000A S 5,000 05/01/02 15:45 1,463 8.03 12.0


SCS-5000B S 5,500 05/01/02 15:35 1,449 8.11 12.0


SCS-6000A S 6,000 05/01/02 15:00 1,835 7.69  


SCS-6000B S 6,500 05/01/02 14:10 1,790 7.86 11.0


SCS-7000 S 7,000 05/01/02 13:05 710 8.14 8.5


SCF1-BLNK QA 8,888 05/02/02    


SCF2-BLNK QA 8,888 05/02/02    


SCL-BLNK QA 8,888 05/02/02    


Table 2. Physical properties of synoptic and quality-assurance samples, Silver Creek, Utah—Continued


Sample identification Source
Distance 
(meters)


Date Time


Specific conductance 
(microsiemens  per 


centimeter at 25 
degrees Celsius)


pH 
(standard 


units)


Temperature 
(degrees 
Celsius)

The second increase of only 0.2 L/s occurred in 
segment S8 and probably was dispersed, subsurface 
inflow also. This was less than 1 percent of the 
increase. The final increase of 5.1 L/s occurred in seg-
ment S13 and accounted for 11 percent of the total. The 
largest beaver pond was present in this segment. No 
inflows were present, however, and the increase was 
likely from dispersed, subsurface inflow. 


Chemical Character of Synoptic Samples


Three distinct changes in the chemical character 
of stream water occurred along the study reach (table 
6). Upstream from the Silver Maple Claims area (seg-
ments S1 through S5), the dominant ions were Na and 
Cl, and the median pH was 8.89 (table 6, group 1; fig. 
5A). Downstream from the Silver Creek tailings dis-
charge pipe (segment S6), Ca and SO4  concentrations 
increased (fig. 5B) and pH decreased to a median of 
7.82 (table 6; fig. 5A). Finally, at the downstream end 
of the largest beaver pond (segment S13), the concen-
tration of most of the major ions increased slightly, but 
the increase was greatest for Na and Cl. At that same 
location, pH decreased to a median of 7.75 (table 6, 
group 3). 


Instream metal concentrations ranged from less 
than 1 µg/L for several constituents to greater than 
3,000 µg/L for Zn (fig. 6). Many samples had concen-
trations of Al, Fe, Mn, Sr, and Zn that exceeded 100 —
µg/L. Median concentrations of colloidal Al, Cu, Fe, 
and Pb were greater than the median dissolved concen-


trations, which is consistent with the high pH along the 
study reach and the normal geochemical behavior of 
these metals (Nordstrom and Alpers, 1999).


The spatial variation of metal concentrations was 
greater than the variation of the major ions. Three gen-
eral patterns of variation occurred along the study 
reach. Upstream from the Silver Maple Claims area 
(segments S1 through S5), colloidal concentrations of 
Al, Cu, and Fe were relatively high, as illustrated by the 
variation of Al concentration (fig. 7). At the beginning 
of the Silver Maple Claims area, concentrations of 
these metals decreased, possibly as a result of flow 
through thick vegetation in the wetland. Colloidal con-
centrations of these metals, however, continued 
through the wetland at a lower level. 


A second pattern of concentration was important 
for most metals and SO4 (fig. 5B). The pattern was dis-
tinguished by an increase in concentration downstream 
from the Silver Creek tailings discharge pipe at seg-
ment S6; the concentration of Zn doubled along that 
segment (fig. 8). A second increase in Zn concentration 
occurred downstream from the largest beaver pond 
(segment S13). A similar increase occurred for arsenic 
(As), Fe, Pb, Mn, and Sr, but not for Cd or Cu (table 4). 
Total-recoverable Zn remained nearly constant along 
the remainder of the injection study reach, but a part of 
the Zn was transformed from the dissolved to the col-
loidal phase because of the high pH of the stream (fig. 
8). Note that Zn concentrations exceeded aquatic-life 
standards along the entire study reach; the standards 
are indicated on figure 8.
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Table 3. Results of chemical analyses of major constituents in synoptic and quality-assurance samples, Silver Creek, Utah—Continued


Sample 
identification


Treatment
Calcium 
(mg/L)


Magnesium 
(mg/L)


Sodium 
(mg/L)


Potassium 
(mg/L)


Alkalinity 
as CaCO3 


(mg/L)


Sulfate 
(mg/L)


Chloride 
(mg/L)


Fluoride 
(mg/L)


Silica, as Si 
(mg/L)


SCS-0000 FA 110 25.0 172 2.7 101 135 366 0.93 5.22


SCS-0000 RA 96.5 23.4 146 2.5 101 135 366 .93 5.16


SCS-0072 FA 105 24.3 167 2.8 77.4 117 377 1.28 5.56


SCS-0072 RA 106 25.3 164 2.7 77.4 117 377 1.28 6.61


SCS-0225 FA 106 24.2 153 2.6 99.4 145 319 .95 5.35


SCS-0225 RA 103 23.8 143 2.8 99.4 145 319 .95 6.23


SCS-0265 FA 94.0 22.0 131 2.5 84.4 127 280 .88 4.52


SCS-0265 RA 100 23.7 145 2.8 84.4 127 280 .88 6.13


SCI-0300 FA 92.7 23.9 217 3.4 40.8 152 430 1.24 1.45


SCI-0300 RA 89.5 24.1 203 3.3 40.8 152 430 1.24 1.26


SCS-0360 FA 109 24.3 160 2.9 96.4 149 333 .92 4.98


SCS-0360 RA 108 24.5 150 2.9 96.4 149 333 .92 5.64


SCI-0370 FA 288 40.1 118 5.7 66.9 638 305 1.99 12.0


SCI-0370 RA 292 41.7 116 6.0 66.9 638 305 1.99 16.1


SCI-0375 FA 104 35.4 28.9 1.5 136 214 80.8 .52 4.64


SCI-0375 RA 116 38.4 32.1 1.8 136 214 80.8 .52 7.13


SCI-0378 FA 319 59.1 399 7.6 112 785 728 3.32 10.7


SCI-0378 RA 334 60.5 415 7.1 112 785 728 3.32 11.1


SCS-0398A FA 132 26.9 151 3.2 91.1 219 322 1.04 6.00


SCS-0398A RA 128 26.5 142 3.3 91.1 219 322 1.04 6.45


SCS-0398B FA 118 24.1 125 3.1 74.7 183 287 1.04 4.82


SCS-0398B RA 122 24.6 129 2.8 74.7 183 287 1.04 5.68


SCS-0490R FA 136 27.8 164 3.3 93.2 222 348 1.05 5.40


SCS-0490R RA 133 27.2 153 3.2 93.2 222 348 1.05 5.75


SCS-0498C FA 138 28.2 167 3.2 92.0 213 365 1.06 5.40


SCS-0498C RA 130 27.4 158 3.2 92.0 213 365 1.06 5.44


SCS-0498L FA 120 25.0 160 3.3 85.8 185 339 1.41 4.30


SCS-0498L RA 125 25.6 168 3.3 85.8 185 339 1.41 5.02


SCS-0543L FA 133 26.9 186 3.5 93.9 204 387 1.14 5.21


SCS-0543L RA 125 26.3 171 3.3 93.9 204 387 1.14 5.26


SCS-0543C FA 112 24.3 143 3.0 76.9 178 308 1.13 4.27


SCS-0543C RA 114 25.1 145 3.1 76.9 178 308 1.13 4.40


SCS-0543R FA 125 26.1 147 3.1 81.9 191 328 1.26 4.43


SCS-0543R RA 125 26.8 151 3.1 81.9 191 328 1.26 5.26


SCS-0576 FA 140 28.6 173 3.5 98.1 220 370 1.17 5.47


SCS-0576 RA 123 26.6 146 3.0 98.1 220 370 1.17 4.83


SCS-0637R FA 138 27.4 163 3.3 94.6 218 351 1.10 5.51


SCS-0637R RA 127 26.9 153 3.3 94.6 218 351 1.10 5.47


SCS-0637L FA 120 24.9 141 3.4 82.5 190 308 1.15 4.59


SCS-0637L RA 127 27.6 158 3.2 82.5 190 308 1.15 5.28


SCS-0684 FA 122 25.0 142 2.9 86.7 190 311 1.10 4.36


SCS-0684 RA 120 24.9 137 2.9 86.7 190 311 1.10 4.58


SCS-0711 FA 121 25.3 139 3.0 80.9 190 308 1.10 4.25


SCS-0711 RA 122 25.2 144 3.0 80.9 190 308 1.10 4.74


Table 3. Results of chemical analyses of major constituents in synoptic and quality-assurance samples, Silver Creek, Utah


[Treatment: FA, 0.45-micrometer filtered, RA, total recoverable; mg/L, milligrams per liter]
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SCS-0778A FA 135 28.0 166 2.9 98.5 210 356 1.27 5.73


SCS-0778A RA 132 28.1 163 3.1 98.5 210 356 1.27 5.19


SCS-0778B FA 135 28.9 172 3.4 99.9 214 364 1.24 5.39


SCS-0778B RA 131 28.3 160 2.8 99.9 214 364 1.24 5.21


SCS-0832L FA 124 26.0 147 3.0 89.0 190 324 1.26 4.18


SCS-0832L RA 126 27.9 163 3.0 89.0 190 324 1.26 4.96


SCS-0832C FA 127 27.3 154 2.8 91.4 194 337 1.18 4.36


SCS-0832C RA 127 28.5 165 3.2 91.4 194 337 1.18 5.06


SCS-0832R FA 138 29.0 178 3.5 112 217 369 1.25 5.03


SCS-0832R RA 124 27.7 158 3.0 112 217 369 1.25 4.86


SCS-0877 FA 144 29.6 187 3.4 105 227 393 1.32 5.16


SCS-0877 RA 124 28.6 166 3.2 105 227 393 1.32 4.96


SCS-0940L FA 141 29.1 182 3.6 102 221 384 1.33 5.26


SCS-0940L RA 132 29.0 169 3.2 102 221 384 1.33 5.16


SCS-0990L FA 129 26.6 152 3.0 86.6 181 349 1.15 4.23


SCS-0990L RA 130 28.6 170 3.1 86.6 181 349 1.15 5.03


SCS-0990C FA 129 27.0 154 3.0 92.6 195 339 1.26 4.40


SCS-0990C RA 127 28.5 167 3.2 92.6 195 339 1.26 5.16


SCI-0991 FA 175 36.7 292 4.6 138 291 569 2.81 6.68


SCI-0991 RA 172 35.2 268 4.4 138 291 569 2.81 7.03


SCS-0992 FA 145 30.1 181 3.3 106 224 388 1.37 5.87


SCS-0992 RA 136 29.4 177 3.2 106 224 388 1.37 5.28


SCS-1017 FA 131 27.9 159 3.1 94.9 199 348 1.42 4.28


SCS-1017 RA 142 29.9 175 3.4 94.9 199 348 1.42 5.56


SCS-1079L FA 147 32.7 189 3.3 108 230 405 1.38 5.18


SCS-1079L RA 135 29.9 166 3.2 108 230 405 1.38 4.53


SCS-1079C FA 127 27.1 157 3.2 91.2 194 341 1.23 4.21


SCS-1079C RA 125 27.0 158 3.1 91.2 194 341 1.23 4.69


SCS-1079R FA 126 26.8 157 3.0 91.3 193 341 1.40 4.25


SCS-1079R RA 137 29.5 178 3.2 91.3 193 341 1.40 5.18


SCI-1140 FA 105 33.2 30.6 1.5 129 192 99.0 .54 4.74


SCI-1140 RA 107 36.1 31.2 1.6 129 192 99.0 .54 5.16


SCS-1162 FA 125 27.6 157 3.0 94.2 195 337 1.31 4.34


SCS-1162 RA 140 29.0 171 3.3 94.2 195 337 1.31 4.95


SCS-1165 FA 123 29.5 130 2.7 103 195 291 1.07 3.88


SCS-1165 RA 141 34.1 149 3.3 103 195 291 1.07 5.19


SCS-1212 FA 128 27.8 160 2.9 94.6 198 345 1.38 4.29


SCS-1212 RA 143 30.1 178 3.3 94.6 198 345 1.38 5.25


SCS-1344A FA 147 31.2 188 3.7 106 232 399 1.33 5.08


SCS-1344A RA 142 29.6 172 3.3 106 232 399 1.33 4.94


SCS-1344B FA 129 27.3 161 3.3 92.0 200 346 1.39 4.31


SCS-1344B RA 136 30.1 177 3.1 92.0 200 346 1.39 5.02


SCS-1380 FA 128 26.8 158 2.7 91.0 199 341 1.38 4.44


SCS-1380 RA 140 29.2 169 3.3 91.0 199 341 1.38 4.86


SCS-1420 FA 143 30.9 189 3.5 90.6 196 432 1.42 5.42


Table 3. Results of chemical analyses of major constituents in synoptic and quality-assurance samples, Silver Creek, Utah—Continued


Sample 
identification


Treatment
Calcium 
(mg/L)


Magnesium 
(mg/L)


Sodium 
(mg/L)


Potassium 
(mg/L)


Alkalinity 
as CaCO3 


(mg/L)


Sulfate 
(mg/L)


Chloride 
(mg/L)


Fluoride 
(mg/L)


Silica, as Si 
(mg/L)
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SCS-1420 RA 145 31.2 186 3.2 90.6 196 432 1.42 5.92


SCS-5000A FA 119 35.0 87.8 2.3 117 223 204 .94 3.37


SCS-5000A RA 121 34.5 88.2 2.3 117 223 204 .94 3.62


SCS-5000B FA 123 34.5 80.5 2.3 120 230 191 .94 3.87


SCS-5000B RA 125 36.4 82.6 2.5 120 230 191 .94 4.37


SCS-6000A FA 204 51.9 98.4 3.5 143 461 333 1.40 11.1


SCS-6000A RA 202 52.3 100 3.7 143 461 333 1.40 11.5


SCS-6000B FA 146 40.3 145 9.1 158 333 364 1.24 10.8


SCS-6000B RA 151 38.7 139 8.3 158 333 364 1.24 11.9


SCS-7000 FA 60.0 12.8 40.5 3.1 113 76 184 .08 8.70


SCS-7000 RA 61.9 13.9 41.2 3.1 113 76 184 .08 10.3


SCF1-BLNK FA .088 .029 .067 .040     .05


SCF1-BLNK RA .088 .029 .067 .015     .05


SCF2-BLNK FA .088 .029 .067 .015     .05


SCF2-BLNK RA .088 .029 .067 .015     .05


SCL-BLNK  .03 .02 .01  


SCT-BLNK RA .088 .029 .067 .015     .05


Table 3. Results of chemical analyses of major constituents in synoptic and quality-assurance samples, Silver Creek, Utah—Continued


Sample 
identification


Treatment
Calcium 
(mg/L)


Magnesium 
(mg/L)


Sodium 
(mg/L)


Potassium 
(mg/L)


Alkalinity 
as CaCO3 


(mg/L)


Sulfate 
(mg/L)


Chloride 
(mg/L)


Fluoride 
(mg/L)


Silica, as Si 
(mg/L)

The final pattern of concentration was unique to 
the variation of Na and Cl and consisted in a nearly 
constant concentration along the injection reach (fig. 
9). The concentration of Na and Cl correlated with the 
high concentrations of salt on the highway next to the 
Silver Maple Claims area. The equivalents of Cl actu-
ally exceed the equivalents of Na in the stream. The 
excess Cl balances some of the Ca and Mg, indicating 
that these alkaline-earth chlorides may be used as road 
salt along with NaCl. 


Only five inflow samples were collected along 
the study reach (table 1). This small number could be a 
result of the high flow that may have covered some 
inflows that would be visible at a lower stage of the 
stream. The Pace-Homer Ditch (375 m) was sampled 
across the highway from the injection study reach. The 
inflow sample at 1,140 m represented water flowing to 
the stream from a breach in the Pace-Homer Ditch, and 
this relatively small flow started mixing with the 
stream at about 1,165 m. Two inflow samples at 378 m 
and 991 m were collected from small ponds that had no 
visible connection to the flow in the stream. These may 
represent water that drains from tailings piles along the 
study reach. For purposes of quantifying loads, the 
most important inflow sample was the end of the 
ground-water drain pipe from the Silver Creek tailings 
(sample PS-DR-1 of Mason, 1989). Obtaining a sample 


from the Prospector pipe was complicated because the 
discharge from the end of the pipe was below the sur-
face of a pond at the upstream end of the BLM property 
(fig. 10).


The inflow sample from the Silver Creek tailings 
pipe had a Br concentration of 0.77 mg/L, indicating 
that the sample included some fraction of pond water. 
This could have happened as the vertical-integrating 
sampler was lowered from the surface to the end of the 
pipe. Assuming that the pipe sample should have had a 
Br concentration closer to a background concentration 
of 0.06 mg/L, and given the plateau concentration of Br 
at the upstream end of the pond of 4.21 mg/L, it is pos-
sible to determine the fraction of pond water in the 
sample:


(4.21)x+(0.06)y=0.77
x+y=1


x=0.17; y=0.83 (7)


where
x is the fraction of pond water, and 
y is the fraction of pipe discharge.
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Figure 3. Variation of bromide concentration at transport sites with time, Silver Creek, Utah, April and May 2002.
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Table 4. Results of chemical analyses of trace constituents in synoptic and quality-assurance samples, Silver Creek, Utah


[Source: S, stream; LBI, left bank inflow; Treatment: FA, 0.45-micrometer filtered, RA, total recoverable; µg/L, micrograms per liter]


Sample 
identification Treatment Aluminum 


(µg/L)
Arsenic
(µg /L)


Barium
(µg /L)


Cadmium
(µg /L)


Chromium 
(µg /L)


Cobalt 
(µg /L)


Copper 
(µg /L)


Iron
(µg /L)


Lead 
(µg /L)


SCS-0000 FA 38.1 2.80 110 7.18 0.13 0.34 2.59 5.37 0.66
SCS-0000 RA 302.2 3.81 120 8.80 .45 .47 4.57 343 15.0
SCS-0072 FA 41.6 2.98 103 2.69 .13 .36 3.14 8.92 .68
SCS-0072 RA 423.9 4.86 110 6.65 .71 .53 6.83 477 14.3
SCS-0225 FA 33.4 3.59 103 3.68 .14 .29 3.13 5.56 .70
SCS-0225 RA 436.8 5.01 106 7.42 .70 .56 6.98 470 14.4
SCS-0265 FA 27.2 2.99 101 3.62 .13 .32 2.83 4.32 .63
SCS-0265 RA 452.1 5.10 120 7.67 .72 .53 6.92 480 15.6
SCI-0300 FA 37.0 7.54 109 .10 .15 .21 2.56 11.0 .88
SCI-0300 RA 217.3 8.08 112 2.10 .45 .28 3.78 321 19.7
SCS-0360 FA 33.5 2.95 96.2 3.46 .12 .31 2.83 3.90 1.24
SCS-0360 RA 321.6 4.60 104 6.67 .50 .47 5.21 330 14.0
SCI-0370 FA 36.0 1.08 23.8 34.3 .11 .88 1.35 54.0 .47
SCI-0370 RA 2,469.5 76.0 45.4 43.6 4.21 3.25 29.2 8,859 182
SCI-0375 FA 41.1 7.10 48.6 .22 .15 .38 .80 4.81 .60
SCI-0375 RA 451.0 8.47 49.2 .40 .61 .49 2.53 418 12.4
SCI-0378 FA 119.2 6.90 62.4 26.2 .14 12.7 13.3 2,600 4.03
SCI-0378 RA 113.0 11.5 55.9 26.9 .12 15.1 11.2 4,533 17.1
SCS-0398A FA 33.6 2.54 80.3 8.08 .10 .35 2.07 4.40 1.03
SCS-0398A RA 317.3 3.49 88.6 12.1 .51 .51 5.11 348 15.1
SCS-0398B FA 23.2 2.42 90.5 9.47 .11 .46 2.18 3.78 .91
SCS-0398B RA 263.5 3.86 89.1 11.9 .49 .45 5.17 314 15.6
SCS-0490R FA 31.5 2.59 86.2 7.53 .09 .31 1.93 4.58 1.03
SCS-0490R RA 170.2 2.42 104 11.4 .32 .41 3.95 196 9.28
SCS-0498C FA 30.0 2.70 93.7 6.02 .09 .35 2.05 6.26 .86
SCS-0498C RA 156.9 3.70 97.0 9.43 .30 .39 3.84 206 9.90
SCS-0498L FA 26.9 9.67 92.9 5.77 .06 .85 2.17 19.5 .40
SCS-0498L RA 109.1 5.70 84.9 7.97 .21 .82 4.00 434 9.27
SCS-0543L FA 32.5 2.43 87.0 3.35 .05 .53 1.43 17.6 .39
SCS-0543L RA 217.3 5.29 88.6 7.27 .40 .58 4.98 569 17.2
SCS-0543C FA 79.1 2.38 84.6 3.77 .11 .31 1.83 9.35 .53
SCS-0543C RA 70.5 3.88 90.5 5.72 .21 .30 2.94 195 7.00
SCS-0543R FA 25.4 2.65 94.6 8.04 .09 .33 1.69 4.58 1.36
SCS-0543R RA 189.5 3.00 95.3 10.6 .32 .37 3.68 222 13.5
SCS-0576 FA 37.5 2.14 77.5 5.45 .08 .30 1.73 7.22 .84
SCS-0576 RA 98.4 3.22 84.1 8.73 .24 .35 3.61 199 9.81
SCS-0637R FA 29.0 2.09 85.6 5.55 .08 .31 1.45 6.90 .84
SCS-0637R RA 137.9 3.43 90.3 8.90 .28 .41 3.52 230 10.2
SCS-0637L FA 40.1 1.80 76.3 4.30 .07 .28 1.39 8.43 .60
SCS-0637L RA 98.1 3.90 96.5 8.23 .23 .37 3.11 246 10.2
SCS-0684 FA 24.3 2.34 88.7 5.03 .07 .26 1.37 7.57 .62
SCS-0684 RA 85.9 3.46 92.6 7.36 .23 .36 3.15 209 9.41
SCS-0711 FA 24.1 1.72 89.6 4.59 .08 .20 1.52 5.44 .91
SCS-0711 RA 104.6 3.25 82.4 6.56 .24 .25 3.13 189 13.0
SCS-0778A FA 29.0 2.58 82.5 3.56 .05 .36 1.22 11.0 .75
SCS-0778A RA 115.5 4.39 96.3 7.67 .26 .42 3.99 265 17.3
SCS-0778B FA 34.1 1.89 86.0 3.83 .05 .35 1.32 11.2 .74
SCS-0778B RA 119.2 4.30 87.8 7.03 .21 .41 3.88 280 19.1
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Table 4. Results of chemical analyses of trace constituents in synoptic and quality-assurance samples, Silver Creek, Utah—Continued


Sample 
identification Treatment Lithium


(µg /L)
Manganese 


(µg/L)
Molybdenum


(µg /L)
Nickel
(µg /L)


Silver 
(µg /L)


Strontium
(µg /L)


Vanadium
(µg /L)


Zinc
(µg /L)


SCS-0000 FA 8.84 140 1.49 2.05 0.08 415 0.70 963
SCS-0000 RA 8.36 169 1.41 1.99 .47 388 1.12 1,038
SCS-0072 FA 8.93 121 1.75 1.30 .08 429 .94 259
SCS-0072 RA 9.21 171 1.75 1.77 .36 456 1.62 741
SCS-0225 FA 9.31 121 1.82 1.44 .08 420 .94 358
SCS-0225 RA 9.31 160 1.88 2.12 .33 461 1.64 876
SCS-0265 FA 8.07 108 1.82 1.21 .08 462 .83 327
SCS-0265 RA 9.64 167 1.96 2.17 .39 407 1.57 874
SCI-0300 FA 10.3 24.0 3.37 1.03 .08 466 2.41 17.0
SCI-0300 RA 12.1 66.8 3.32 1.59 .14 453 2.99 214
SCS-0360 FA 7.50 124 1.59 1.43 .08 465 .88 357
SCS-0360 RA 9.53 161 1.62 2.00 .37 407 1.35 830
SCI-0370 FA 17.7 615 .17 15.8 .08 602 .23 7,930
SCI-0370 RA 18.7 1,010 .53 19.4 7.21 556 9.69 8,557
SCI-0375 FA 8.84 23.4 2.20 1.08 .08 769 1.14 57.7
SCI-0375 RA 10.5 49.0 2.32 1.27 .10 727 1.91 72.0
SCI-0378 FA 32.1 3,220 1.14 18.5 .08 692 .02 17,068
SCI-0378 RA 37.3 3,244 1.34 21.5 .11 765 .09 17,419
SCS-0398A FA 8.33 206 1.38 3.36 .08 472 .67 1,646
SCS-0398A RA 10.3 226 1.41 3.95 .41 455 1.17 1,882
SCS-0398B FA 9.48 182 1.56 4.25 .08 480 .77 1,560
SCS-0398B RA 9.18 217 1.37 4.84 .36 426 1.18 1,720
SCS-0490R FA 8.75 175 1.28 2.95 .08 476 .65 1,528
SCS-0490R RA 9.55 187 1.45 4.12 .23 497 1.01 1,651
SCS-0498C FA 10.5 167 1.36 3.19 .08 448 .72 1,240
SCS-0498C RA 10.6 180 1.35 3.32 .21 456 1.01 1,361
SCS-0498L FA 10.3 391 1.93 3.57 .08 493 .33 1,422
SCS-0498L RA 11.9 402 1.74 3.14 .17 430 .65 1,631
SCS-0543L FA 9.78 299 1.69 2.93 .08 490 .34 1,201
SCS-0543L RA 12.4 290 1.63 4.25 .22 430 .97 1,366
SCS-0543C FA 11.4 127 1.57 2.96 .08 461 .63 863
SCS-0543C RA 10.4 135 1.50 2.51 .11 445 .78 990
SCS-0543R FA 8.69 158 1.20 2.94 .08 473 .55 1,378
SCS-0543R RA 8.85 181 1.19 3.21 .23 435 .86 1,601
SCS-0576 FA 8.66 196 1.30 2.89 .08 478 .48 1,484
SCS-0576 RA 9.11 189 1.35 3.73 .13 454 .74 1,445
SCS-0637R FA 8.26 175 1.32 3.10 .08 438 .47 1,455
SCS-0637R RA 12.7 184 1.46 4.72 .16 471 .87 1,608
SCS-0637L FA 8.81 182 1.34 2.89 .08 485 .39 1,314
SCS-0637L RA 10.7 208 1.49 3.90 .17 457 .68 1,580
SCS-0684 FA 9.30 148 1.38 3.05 .08 506 .41 1,333
SCS-0684 RA 11.5 163 1.53 4.42 .15 509 .75 1,402
SCS-0711 FA 9.74 104 1.51 3.28 .08 469 .50 1,152
SCS-0711 RA 9.75 127 1.46 4.85 .16 402 .73 1,248
SCS-0778A FA 8.91 241 1.37 3.37 .08 503 .29 1,882
SCS-0778A RA 11.1 250 1.54 4.76 .20 480 .62 1,938
SCS-0778B FA 9.14 250 1.43 3.89 .08 504 .31 1,819
SCS-0778B RA 9.93 247 1.45 4.27 .17 502 .59 1,955
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Table 4. Results of chemical analyses of trace constituents in synoptic and quality-assurance samples, Silver Creek, Utah—Continued


Sample 
identification Treatment Aluminum 


(µg/L)
Arsenic
(µg /L)


Barium
(µg /L)


Cadmium 
(µg /L)


Chromium 
(µg /L)


Cobalt 
(µg /L)


Copper 
(µg /L)


Iron
(µg /L)


Lead 
(µg /L)


SCS-0832L FA 28.6 2.75 81.5 2.64 .04 .37 1.13 8.81 .86
SCS-0832L RA 133.0 5.59 101 5.54 .25 .44 3.82 303 21.7
SCS-0832C FA 35.1 2.95 93.6 2.43 .04 .39 .96 10.3 .72
SCS-0832C RA 129.5 5.18 89.7 4.92 .21 .40 3.13 308 22.7
SCS-0832R FA 42.3 2.90 75.5 1.81 .04 .35 1.04 10.6 .72
SCS-0832R RA 103.7 5.11 89.1 4.33 .19 .38 2.78 258 18.0
SCS-0877 FA 43.1 3.19 80.3 2.32 .05 .29 1.28 71.0 3.53
SCS-0877 RA 81.0 4.08 87.4 3.54 .18 .33 2.24 219 11.8
SCS-0940L FA 27.1 3.19 80.0 1.10 .03 .34 .92 13.5 .74
SCS-0940L RA 185.9 5.67 93.0 4.01 .31 .45 4.39 382 29.1
SCS-0990L FA 25.2 3.13 96.5 2.20 .04 .34 .97 9.20 .73
SCS-0990L RA 117.0 5.44 87.5 4.82 .21 .40 3.08 281 20.2
SCS-0990C FA 28.1 2.51 94.1 2.20 .03 .35 1.14 38.1 .63
SCS-0990C RA 97.7 5.27 83.6 4.35 .22 .40 2.96 302 15.8
SCI-0991 FA 30.5 1.10 20.0 46.1 .01 .10 1.93 1.51 1.80
SCI-0991 RA 75.9 1.40 18.3 43.8 .12 .11 2.49 54.0 5.70
SCS-0992 FA 30.0 2.82 89.4 1.31 .03 .37 1.01 18.0 .64
SCS-0992 RA 126.7 4.73 97.1 3.81 .23 .38 3.24 339 22.5
SCS-1017 FA 24.8 2.33 84.4 1.29 .03 .41 1.04 15.7 .59
SCS-1017 RA 172.5 7.00 104 4.71 .34 .48 4.88 422 29.5
SCS-1079L FA 33.8 2.88 79.4 1.82 .03 .17 1.34 6.71 .67
SCS-1079L RA 52.4 3.62 77.9 3.14 .11 .19 1.87 145 7.66
SCS-1079C FA 26.0 3.51 88.2 1.14 .03 .41 .74 12.1 .73
SCS-1079C RA 155.3 6.84 97.1 4.69 .34 .50 5.12 427 32.0
SCS-1079R FA 24.2 6.39 84.0 1.23 .02 .33 .92 17.0 .69
SCS-1079R RA 110.8 4.94 87.4 3.43 .22 .37 3.09 288 17.5
SCI-1140 FA 40.4 5.43 43.8 .33 .19 .40 .86 3.67 .53
SCI-1140 RA 90.9 6.35 45.4 .38 .27 .38 1.47 110 5.01
SCS-1162 FA 26.4 3.18 91.9 1.43 .04 .36 1.16 11.0 .87
SCS-1162 RA 102.1 5.13 90.9 3.85 .19 .38 3.22 244 14.5
SCS-1165 FA 25.0 3.01 74.0 1.90 .05 .12 1.60 5.93 .92
SCS-1165 RA 165.6 5.06 76.2 3.52 .30 .22 3.57 271 24.8
SCS-1212 FA 29.1 2.77 93.5 1.44 .04 .35 1.22 18.6 .89
SCS-1212 RA 118.7 3.33 89.7 8.58 .27 .38 3.25 290 11.4
SCS-1344A FA 35.3 3.01 73.5 1.80 .03 .32 1.56 9.27 1.66
SCS-1344A RA 86.9 5.20 85.4 3.64 .16 .32 3.16 232 20.3
SCS-1344B FA 26.4 3.54 87.3 1.91 .03 .33 1.33 7.08 1.49
SCS-1344B RA 90.5 4.99 81.4 3.92 .17 .38 3.53 233 17.6
SCS-1380 FA 30.2 2.91 77.7 2.67 .02 .61 1.74 8.30 2.66
SCS-1380 RA 104.0 6.39 87.2 6.18 .27 .73 8.47 318 37.5
SCS-1420 FA 37.9 3.21 93.2 2.83 .02 .58 1.82 32.2 2.95
SCS-1420 RA 135.3 6.16 86.2 5.18 .26 .72 7.47 357 41.1
SCS-5000A FA 31.5 2.54 59.8 3.18 .06 .41 2.60 16.4 1.85
SCS-5000A RA 60.4 5.33 63.4 3.93 .10 .34 4.39 243 27.7
SCS-5000B FA 32.6 2.97 59.7 2.14 .06 .25 2.81 10.9 4.11
SCS-5000B RA 153.8 5.23 61.3 3.25 .21 .30 6.15 319 41.4
SCS-6000A FA 40.0 8.87 57.9 12.6 .04 1.20 6.19 17.0 1.34
SCS-6000A RA 32.0 13.7 55.0 13.8 .04 .99 7.05 219 10.4
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Table 4. Results of chemical analyses of trace constituents in synoptic and quality-assurance samples, Silver Creek, Utah—Continued


Sample 
identification Treatment Lithium


(µg /L)
Manganese 


(µg/L)
Molybdenum


(µg /L)
Nickel
(µg /L)


Silver 
(µg /L)


Strontium
(µg /L)


Vanadium
(µg /L)


Zinc
(µg /L)


SCS-0832L FA 9.48 254 1.35 3.66 .08 536 .28 1,688
SCS-0832L RA 10.7 279 1.54 4.93 .18 557 .63 1,969
SCS-0832C FA 9.70 263 1.39 3.59 .08 492 .25 1,695
SCS-0832C RA 9.82 284 1.33 3.49 .20 433 .48 1,948
SCS-0832R FA 9.00 302 1.31 3.37 .08 516 .24 1,794
SCS-0832R RA 9.53 284 1.44 3.71 .11 467 .48 1,846
SCS-0877 FA 8.85 258 1.31 3.54 .08 502 .28 1,741
SCS-0877 RA 11.0 246 1.38 4.56 .09 474 .43 1,824
SCS-0940L FA 9.00 300 1.38 3.66 .08 528 .22 1,674
SCS-0940L RA 10.9 299 1.42 4.03 .24 463 .58 1,869
SCS-0990L FA 9.16 263 1.34 3.37 .08 472 .23 1,685
SCS-0990L RA 9.61 296 1.41 4.17 .17 501 .49 2,008
SCS-0990C FA 9.61 245 1.55 4.08 .08 521 .27 1,643
SCS-0990C RA 10.1 264 1.45 4.08 .16 471 .48 1,889
SCI-0991 FA 14.6 78.3 .83 2.13 .08 601 .02 8,598
SCI-0991 RA 17.0 82.9 .85 3.06 .08 517 .07 8,421
SCS-0992 FA 9.53 297 1.47 3.75 .08 496 .22 1,741
SCS-0992 RA 10.7 308 1.47 3.83 .20 464 .48 1,899
SCS-1017 FA 10.1 293 1.51 4.02 .08 508 .22 1,570
SCS-1017 RA 11.3 337 1.60 4.83 .21 581 .65 1,957
SCS-1079L FA 12.3 158 1.38 3.40 .08 551 .17 1,453
SCS-1079L RA 11.4 157 1.31 3.00 .08 522 .27 1,465
SCS-1079C FA 9.43 301 1.28 3.42 .08 481 .18 1,533
SCS-1079C RA 11.1 318 1.52 4.87 .24 565 .66 1,752
SCS-1079R FA 9.64 276 1.48 3.80 .08 522 .20 1,552
SCS-1079R RA 10.7 289 1.45 4.47 .14 559 .42 1,817
SCI-1140 FA 11.2 26.1 2.05 1.22 .08 814 1.12 70.0
SCI-1140 RA 8.60 46.1 1.96 1.69 .08 719 1.14 82.1
SCS-1162 FA 10.8 249 1.67 4.27 .08 525 .25 1,485
SCS-1162 RA 11.2 282 1.63 4.09 .13 513 .48 1,711
SCS-1165 FA 9.67 81.7 1.40 2.46 .08 608 .31 1,159
SCS-1165 RA 9.85 146 1.53 3.25 .23 570 .71 1,426
SCS-1212 FA 9.91 246 1.62 3.92 .08 528 .23 1,490
SCS-1212 RA 10.3 281 1.44 3.51 .19 470 .79 1,859
SCS-1344A FA 9.28 275 1.41 3.27 .08 532 .17 1,650
SCS-1344A RA 10.2 263 1.41 3.19 .14 441 .32 1,697
SCS-1344B FA 9.77 241 1.43 3.14 .08 502 .18 1,463
SCS-1344B RA 11.0 271 1.46 4.38 .13 557 .42 1,751
SCS-1380 FA 9.24 259 1.44 3.56 .08 507 .19 1,629
SCS-1380 RA 10.9 279 1.67 4.01 .29 518 .49 1,881
SCS-1420 FA 9.47 287 1.44 3.39 .08 507 .18 1,875
SCS-1420 RA 11.0 305 1.55 4.44 .28 563 .47 1,950
SCS-5000A FA 11.3 119 2.33 2.02 .08 776 .36 716
SCS-5000A RA 11.2 146 2.21 2.01 .14 661 .51 819
SCS-5000B FA 12.0 112 2.28 1.90 .08 844 .31 673
SCS-5000B RA 12.4 139 2.08 1.86 .19 701 .57 789
SCS-6000A FA 20.3 433 2.93 3.87 .08 1,182 .23 3,736
SCS-6000A RA 20.7 448 2.60 3.72 .10 972 .24 3,880
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Table 4. Results of chemical analyses of trace constituents in synoptic and quality-assurance samples, Silver Creek, Utah—Continued


Sample 
identification Treatment Aluminum 


(µg/L)
Arsenic
(µg /L)


Barium
(µg /L)


Cadmium 
(µg /L)


Chromium 
(µg /L)


Cobalt 
(µg /L)


Copper 
(µg /L)


Iron
(µg /L)


Lead 
(µg /L)


SCS-6000B FA 42.1 10.3 46.1 4.69 .20 .32 4.16 19.0 3.28
SCS-6000B RA 44.0 12.9 49.9 5.28 .15 .32 7.18 104 26.8
SCS-7000 FA 104.4 6.40 72.8 .60 .14 .11 2.61 47.8 2.09
SCS-7000 RA 601.0 8.26 94.9 1.45 .58 .26 5.01 452 29.7
SCF1-BLNK FA 34.4 .06 .10 .09 .01 .01 .25 1.19 .05
SCF1-BLNK RA 28.9 .03 .10 .09 .06 .01 .25 11.5 .27
SCF2-BLNK FA 24.3 .08 .13 .09 .01 .01 .25 1.60 .06
SCF2-BLNK RA 24.6 .03 .10 .09 .04 .01 .25 38.4 .08
SCL-BLNK FA          
SCT-BLNK RA 4 .03 .10 .09 .01 .01 .25 1.00 .03

These fractions allow for a correction of the mea-
sured concentrations to make them representative of 
the undiluted pipe water. Corrected concentrations are 
listed in table 7. This is important for accurate calcula-
tion of load from the pipe.


Mass Loading


Mass-loading profiles were prepared according 
to the methods described by Kimball and others (2002), 
but several considerations were necessary for these 
data. First, load was calculated only for those sites that 
were judged to be in the main part of the flow (these 
sites are indicated by segment numbers in table 1). This 
was a subjective field observation when two or three 
samples were collected across the stream channel at 
essentially the same downstream distance along the 
study reach (fig. 2). Second, the calculated inflow load 
for the Silver Creek tailings discharge (370 m) was cal-
culated from the measured discharge at the end of the 
pipe (table 1) and the adjusted concentrations of the 
constituents (table 5). This inflow load was comparable 
but somewhat greater than the instream load for most 
constituents in the segment from 360 m to 398 m that 
receives the Silver Creek tailings discharge. Third, 
loads calculated at 5,500 m and 6,000 m do not repre-
sent downstream change. The load at 5,500 m essen-
tially is the end of accounting for the upstream load 
(segment S25). The load at 6,000 m represents the 
input from ground water downstream from the diver-
sion (segment S26). The difference in constituent load 
between 6,000 m and 6,500 m, however, does represent 
a change that principally resulted from two inflows. 
One of the inflows was from the waste-water treatment 


plant and the other was from ground-water drainage to 
the stream that had a high specific-conductance value, 
but neither inflow was sampled. Finally, the compari-
son of load calculated at 6,500 m and 7,000 m is not 
certain (segment S27). The stream between the two 
sites was not studied in detail, but the net change 
between 6,500 m and 7,000 m is reported to give an 
indication of changes downstream (segment S28).


Load calculations for selected constituents are 
summarized in table 8. These values represent only the 
positive or negative changes of instream load for indi-
vidual segments. Segments where the five greatest 
loads occur for each constituent are indicated by num-
bers in parentheses in table 8. If no value is listed for a 
segment in the table, the change in load for that seg-
ment was less than the load error calculated from equa-
tion 6. In table 8, and in the figures representing loads, 
the change of instream load that might be attributed to a 
particular inflow is accounted for by the change in load 
for the segment that contains the inflow. For example, 
the instream load from the Silver Creek tailings dis-
charge pipe is accounted for by segment S6. That is 
why there are only stream sites listed in table 8.


The first of three patterns among the constituent 
load profiles along the study reach was typical of Cd 
and Zn and is illustrated by the mass-loading profile of 
Zn (fig. 11). Two ways to account for the loading of Zn 
are presented in figure 11. A spatially oriented view 
(fig. 11A), includes details of the dissolved, collodial, 
and total sampled instream loads (eq. 2), the cumula-
tive instream load (eq. 3), and the inflow load (eq. 4). A 
comparative view (fig. 11B) for each segment allows a 
visual indication of which segments contribute the 
most to the mass load of Zn as well as which segments 
indicate a net loss of load (∆Ms <0). The loads are

20  Quality and Sources of Shallow Ground Water in Areas of Recent Residential Development in Salt Lake Valley, Salt Lake County, Utah







Table 4. Results of chemical analyses for trace constituents in synoptic and quality-assurance samples, Silver Creek, Utah—Continue


Sample 
identification Treatment Lithium


(µg /L)
Manganese 


(µg/L)
Molybdenum


(µg /L)
Nickel
(µg /L)


Silver 
(µg /L)


Strontium
(µg /L)


Vanadium
(µg /L)


Zinc
(µg /L)


SCS-6000B FA 12.9 220 5.08 2.40 .08 798 .66 1,616
SCS-6000B RA 14.4 217 4.98 2.40 .18 693 .72 1,784
SCS-7000 FA 6.72 61.9 1.18 .91 .08 302 1.70 243
SCS-7000 RA 8.94 74.3 1.21 1.37 .14 290 2.47 328
SCF1-BLNK FA .70 8.00 .02 .49 .08 .46 .02 2.00
SCF1-BLNK RA .70 8.00 .02 .49 .08 .46 .01 2.00
SCF2-BLNK FA .70 8.00 .02 .49 .08 .76 .01 2.00
SCF2-BLNK RA .70 8.00 .02 .49 .08 .60 .01 2.00
SCL-BLNK FA         
SCT-BLNK RA .70 8.00 .02 .49 .08 .46 .01 2.00

divided between the sampled inflow load (∆Mi, eq. 4)  
and the unsampled inflow (eq. 5). The load of Zn was 
dominated by the discharge from the Silver Creek 
tailings pipe (segment S6) and the ground-water 
inflows upstream and downstream from the waste-
water treatment plant (segments S26 and S27). Other 
substantial loading included sources upstream from the 
study reach (accounted for by segment S1), loading 
near the largest beaver pond (segment S13), and 
loading downstream from the injection reach at 
Richardson Flat (segment S25). This pattern also was 
typical of Cd (tables 8 and 9).


The second pattern was typical of SO4, Mn, Na, 
and Sr (table 8); the pattern is illustrated by the mass-
loading profile of SO4 (fig. 12). For these constituents, 
substantial loading occurred from upstream sources 
(segment S1) and the Silver Creek tailings discharge 
pipe (segment S6). This pattern differs because of the 
large contributions to load from sources upstream from 
Richardson Flat (segment S24) and from Richardson 
Flat (segment S25). The third pattern was typical of Al, 
Cl, Cu, Fe, and Pb (table 8). The mass-loading pattern 
for Fe illustrates the third pattern (fig. 13). The unique 
characteristic of this pattern is the large increase in load 
in the last stream segment, S27. 


Principal Locations of Mass Loading


These three patterns of mass-loading indicate 
eight principal sources of constituent loading: 
1. Upstream from Silver Maple Claims area—


includes segments S1 through S5 (table 6): This 
was most important for Na and Cl, which is an 
indication of the salt used on the roads. All the 


other constituents had measurable loads from 
upstream sources.


2. Silver Creek tailings discharge pipe—includes 
segment S6 (table 6): Every constituent had a 
measurable loading from the pipe discharge, but 
this was the major source of mass loading for Cd 
and Zn. It also was important for Cl, Mn, Na, Ni, 
and SO4. 


3. Remainder of Silver Maple Claims area—includes 
segments S7 through S18 (table 6): Measurable 
mass loading occurred for Al, Fe, Pb, Mn, Na, Ni, 
Zn, SO4, and Cl. The mass loading was relatively 
small compared to other locations, however, and 
most loading occurred in segment S13.


4. Downstream from Silver Maple Claims area and 
upstream from Richardson Flat—includes 
segments S19 through S24 (table 6): Mass loading 
of Cd, Cu, and Pb was important in the segments 
S20 and S22. The greatest mass loading of Sr and 
SO4 occurred in segment S24, which is upstream 
from Richardson Flat (5,000 m). This is the 
location of the “flood-plains” tailings along the 
left bank of the stream.


5. Richardson Flat—includes segment S25 (table 6): 
There was substantial mass loading for many 
constituents in the segment that brackets 
Richardson Flat (table 6). It was the second 
greatest mass loading for Al, Cu, Fe, Pb, Sr, and 
SO4, and the third greatest for Ni and Zn. All the 
constituents in table 6 had a measurable mass 
loading in this segment.
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6. Ground-water inflows upstream from waste-water 
treatment plant—includes segment S26 (table 6).  
The flow in the stream at this point is from 
discharge of ground water to the channel of Silver 
Creek, downstream from the diversion for 
irrigation (fig. 1). The load of Zn was almost as 
great here as it was from the Silver Creek tailings 
discharge pipe. The occurrence of substantial Mn 
loading indicates the influence of tailings, where 
Mn likely occurs in the residue gangue minerals.


7. Waste-water treatment plant / ground-water 
inflow—includes segment S27 (table 6). This 


segment had the greatest load for Na and SO4, and 
second greatest load for Cl. Several metals had 
substantial loading, including Cu, Pb, Mn, Ni, and 
Zn. There were two substantial inflows in this 
stream segment, however, and neither was 
sampled so that it is not possible to say which one 
could be responsible for the large loadings that 
were measured. In figures 11 to 15, this load is 
evenly divided between surface-water and 
unsampled inflow.


Table 5. Average accuracy, precision of chemical analyses, and  detection limits for synoptic samples, Silver Creek, Utah


[Minimum, percent variation from standard closest to zero; Maximum, percent variation from standard farthest from zero; Median, constituent value of 
median percent variation; Coefficient and Exponent, terms for precision equation of an exponential equation to calculate precision in percent]


Constituent
Minimum
percent


Maximum
percent


Median
percent


Coefficient Exponent


Detection 
limit


(micrograms per 
liter)


Calcium -2.3 58.3 7.9 88


Magnesium -.4 9.3 2.3 29


Sodium 4.6 -13.0 9.2 4.8248 .0067 67


Potassium -1.9 11.0 5.3 15


Sulfate -.77 -1.40 1.09 11.279 -.5244 .57


Chloride .43 .46 .45 .9821 .1175 .15


Bromide1 5.2 5.4 5.3 .2985 4.3189 .15


Silica .5 -50.6 5.6 48


Aluminum -2.0 50.3 5.2 14.114 -.104 4


Arsenic -2.3 -57.5 13.1 .03


Barium 2.5 15.6 6.2 .1


Cadmium 2.9 52.2 4.5 9.3566 -.1178 .02


Cadmium .9 20.1 3.9 .02


Chromium -3.0 25.5 4.5 .01


Cobalt .0 17.1 4.5 .01


Copper -.5 17.7 3.5 7.4538 -.0153 .25


Iron -2.0 6.0 3.4 1.8432 .0664 1


Lead -2.5 20.9 5.4 4.3394 .0481 .03


Lithium .6 20.9 4.7 .7


Manganese .0 7.5 3.2 4.7533 -.0312 8


Molybdenum -.4 33.7 4.0 .02


Molybdenum -1.3 14.6 4.0 .02


Nickel 2.0 -56.6 7.4 16.396 -.1946 .49


Silver -.4 -473.7 32.4 .01


Strontium .1 16.3 4.2 5.1452 .0216 .46


Vanadium -2.5 -54.8 9.2 .01


Zinc -.5 7.2 3.9 4.1745 -.0127 2
1Bromide equation is linear with the slope and intercept given as coefficient and exponent.
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Figure 4. Variation of bromide concentration and calculated discharge with distance, Silver Creek, Utah.
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8. Downstream from waste-water treatment plant to 
Wanship—includes segment S28 (table 6). This 
long section of Silver Creek, which was accounted 
for at the town of Wanship, contributed the greatest 
mass load for many of the constituents (table 6, 
segment S28; recall that the values of distance for 
the last five sites in table 6 are arbitrary). Details of 
mass loading along segment S28 are not known 
because there was no detailed evaluation 
downstream from the site at 6,500 m. The large 
increases in loads for Al, Cu, Fe, and Pb mostly 
were increases in the colloidal phase. Note, 
however, that the greater loads do not necessarily 
mean greater concentrations; the concentration of 


Zn, for example, is near the toxicity standards at 
7,000 m (fig. 8). 
A comparison of mass loading for Cd, Cu, Pb, 


and Zn is presented in figure 14. For Cd, the greatest 
mass loading was in the area of segments S19 through 
S24. This area also contributed the second greatest 
mass of SO4 (table 6). Large deposits of tailings mate-
rial occur along the stream in this area. The principal 
area of loading for Cu (fig. 14B) and Pb (fig. 14C) was 
the Wanship segment (S28). This pattern was the same 
for Al and Fe (table 6) and reflects a colloidal load in 
the sample from Wanship (sample at 7,000 m in fig. 7). 
Metal sources in this part of the study reach were not 
investigated. There also were several upstream sources, 
however, particularly Richardson Flat (segment S25).


Table 6. Median concentration of selected constituents, grouped by chemical similarity among synoptic samples, Silver Creek, Utah


[mg/L, milligrams per liter; µg/L, micrograms per liter]


Constituent Unit Phase


Group 1
Upstream from 


Silver Maple Claims 
area


Group 2
Downstream from 


Silver Creek tailings 
discharge


Group 3
Downstream from 
large beaver pond


Utah Department 
of Environmental 
Quality samples


Number of samples


4 8 14 6


pH Standard units Dissolved 8.89 7.82 7.75 8.07
Calcium mg/L Dissolved 106 125 130 121
Magnesium mg/L Dissolved 24.2 26.1 27.9 34.7
Sodium mg/L Dissolved 157 143 160 93.1
Alkalinity, as CaCO3 mg/L Dissolved 105 98.3 110 140
Sulfate mg/L Dissolved 157 228 234 267
Chloride mg/L Dissolved 349 374 411 264
Fluoride mg/L Dissolved .94 1.10 1.33 .94
Aluminum µg/L Dissolved 33.5 29.0 29.5 39.1


µg/L Colloidal 393 127 86.2 75.1
Arsenic µg/L Dissolved 2.99 2.43 2.93 4.69


µg/L Colloidal 1.77 1.34 2.16 2.46
Cadmium µg/L Dissolved 3.54 5.03 2.03 3.94


µg/L Colloidal 3.85 3.27 2.51 .99
Copper µg/L Dissolved 2.98 1.60 1.15 2.71


µg/L Colloidal 3.77 1.97 2.14 2.19
Iron µg/L Dissolved 4.94 6.26 11.6 16.7


µg/L Colloidal 467 217 272 267
Lead µg/L Dissolved .69 .86 .74 1.97


µg/L Colloidal 13.6 9.62 17.4 24.7
Manganese µg/L Dissolved 121 167 261 129


µg/L Colloidal 44.8 15.3 17.3 20.9
Nickel µg/L Dissolved 1.37 2.96 3.58 2.04


µg/L Colloidal .63 1.01 .58 .49
Strontium µg/L Dissolved 446 476 507 787


µg/L Colloidal 13.5 .46 .46 .46
Zinc µg/L Dissolved 342 1,314 1,636 840


µg/L Colloidal 500 153 214 110
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Figure 5. Variation of (A) pH and (B) sulfate concentration with distance, Silver Creek, Utah.
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Figure 6. Distribution of dissolved and colloidal concentration of metals in synoptic stream samples, Silver Creek, Utah.
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Figure 7. Variation of dissolved and colloidal aluminum concentration with distance for Silver Creek, Utah.
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Figure 8. Variation of dissolved and colloidal zinc concentration with distance for Silver Creek, Utah.
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Figure 9. Variation of dissolved (A) sodium and (B) chloride concentration with distance for Silver Creek, Utah.
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Figure 10. Pond receiving discharge from the Silver Creek tailings discharge pipe, near Park City, Utah.
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The greatest loading for Zn (fig. 14D) was from 
the Silver Creek tailings discharge pipe (segment S6). 
The load from the remainder of the Silver Maple 
Claims area (segments S7 through S18), however, was 
nearly as great, comparing the instream loads. The Zn 
load contributed by ground-water inflows upstream 
from the waste-water treatment plant (segment S26) 
was almost as large as the load from segment S6. 
Because the loads from these locations are comparable, 
it is possible that remediation efforts focused only on 
one location might not decrease Zn concentrations in 
Silver Creek to levels below the aquatic toxicity stan-
dards. 


For each of these elements, the inflow load mea-
sured for the Silver Creek tailings discharge pile (seg-
ment S6) was greater than that for the instream load. 


The difference was relatively small, only 4 percent, for 
Cd (fig. 14A) and 20 percent for Zn (fig. 14D). The dif-
ference was 70 percent for Cu (fig. 14B) and 83 percent 
for Pb (fig. 14C). The mass load that is implied by 
these percentages is consistent with a greater affinity of 
Cu and Pb to associate with the solid phase and be 
removed from solution. There likely was substantial Fe 
collodial material because almost all of the inflow load 
of Fe was removed (fig. 13A).


Unsampled Inflow


Unsampled inflow was greater than 50 percent 
for all the constituents except Zn (summary calcula-
tions in table 9). Much of this unsampled inflow 
occurred in the Silver Maple Claims area, downstream 
from the Silver Creek tailings discharge pipe, and
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between the Silver Maple Claims area and Richardson 
Flat (table 6), as indicated in the mass-loading profiles 
for Zn (fig. 11B), SO4 (fig. 12B), and Fe (fig. 13B). 
Tailings that are visible between 398 m and 1,420 m 
are a plausible source for these loads, but the 
unsampled inflow likely indicates ground-water 
discharge in this location where the alluvium is 
somewhat constricted by bedrock.


Unsampled inflow for Na and Cl occurred in seg-
ment S6, which included the Silver Creek tailings dis-
charge pipe (fig. 15). This likely indicates inflow of 
water that has been affected by road salt, because the 
pipe discharge accounted for all the load of tailings-
related constituents, but not all the Cl load (fig. 15B). 
Loads of Ca, Mg, and Sr also occurred partly as unsam-
pled inflow for segment S6, which is consistent with 
the likely composition of the other 70 percent of the 
discharge in this stream segment. These same constitu-
ents are important in the unsampled inflow for segment 
S13. That segment also had unsampled inflow of Zn 
and other metals, so it was likely affected by interaction 
with tailings in the Silver Maple Claims area.


The two main locations of unsampled inflow 
were downstream from the injection study reach at 
Richardson Flat and upstream from the town of Wan-
ship (segment S25, fig. 13B and segment S38, fig. 


15B). Loads in these segments were called unsampled 
inflow only because there were no inflow samples col-
lected. Further work may indicate what the sources are 
for this mass loading.


Attenuation


Attenuation for many constituents occurred in 
three principal locations.
1. Between Park City and the injection study reach 


(segment S2) —All constituents, except Cu, lost 
mass in this segment. The cause of the mass loss is 
not known; the stream between 0 m and the 
injection reach at 72 m was not investigated as part 
of this study. Because most every constituent lost 
mass, the loss could result from a diversion of 
water, and thus mass. This is consistent with the 
decrease in discharge from 72 to 42 L/s (table 1). 


2. Downstream from the Silver Creek tailings 
discharge pipe (segment S7)—Measurable 
attenuation occurred for all the constituents except 
SO4 in this segment (table 8). It is very likely, 
however, that attenuation of all the constituents 
that were added from the Silver Creek tailings 
discharge pipe, accounted for in segment S6, was 
substantial in the pond area. Evidence for this 
attenuation is in the difference between large 
inflow loads and the smaller instream loads (see 
fig. 14). Because the increased flow in segment S6, 
calculated from the Br tracer, was comparable to a 
flow-meter measurement, and the sampled Zn 
concentration in the discharge pipe was high, there 
is no reason to think there is an error in this inflow 
load calculation. The same difference was 
indicated for SO4 (fig. 12) and Fe (fig. 13).


3. Downstream from Silver Maple Claims area 
(segments S18 through S21)—Loads of As, Cd, 
Cu, Fe, Pb, and Mn all were attenuated 
substantially in these stream segments. A cause for 
the attenuation is not known because this location, 
downstream from the Silver Maple Claims study 
reach, was not studied in detail.


Table 7. Calculated concentration of selected constituents in  
water from Silver Creek tailings discharge pipe, Silver Creek,  
Utah


Constituent
Measured 


value
Adjusted value


Dissolved (milligrams per liter)


Calcium 288 440
Magnesium 40.1 59.5
Sodium 118 156
Sulfate 652 1,020
Chloride 312 433


Total recoverable (micrograms per liter)


Aluminum 2,470 2,910
Arsenic 76 90.6
Cadmium 43.6 51.2
Copper 29.2 34.1
Iron 8,860 10,600
Lead 182 216
Manganese 1,010 1,180
Nickel 19.4 22.9
Strontium 556 630
Zinc 8,560 10,100
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Table 8. Change in load for individual stream segments, Silver Creek, Utah


[Segment, stream segment; Distance, distance at the end of the segment; Na, sodium; SO4, sulfate; Cl, chloride; Al, aluminum; Cd, cadmium; Cu, copper; Fe, 
iron; Pb, lead; Mn, manganese; Ni, nickel; Sr, strontium; Zn, zinc; all values reported in kilograms per day, except percents; blank cells indicate change in load 
is less than the calculated error; Italicized bold numbers in parentheses indicate rank for the five greatest loads]


Segment
Distance, 
in meters


Na SO4 Cl Al Cd Cu Fe Pb Mn Ni Sr Zn


S1 0 (2)1,070 840 (3)2,270 (3)1.88 (2)0.055 (5)0.028 (3)2.13 0.093 (4)1.05 (4)0.013 2.58 (4)6.45
S2 72 -456 -412 -890 -.322 -.030 -.003 -.379 -.041 -.423 -.006 -.908 -3.73
S3 225 -49.8 103 -213 .003 -.042 .001 .495
S4 265 -80.9 -64.3 -141 .005
S5 360 106 81.3 192 -.478 -.004 -.006 -.548 -.006
S6 398 (3)422 (5)926 (4)1,020 (4).949 (1).064 .019 (5)1.22 .061 (5)1.03 (2).025 1.78 (1)10.2
S7 498 215 90.5 442 -.978 -.019 -.010 -.916 -.040 -.308 -.008 -3.23
S8 544 -146 -158 -263 .243 .009 -.001 .121 .027 .017 -.001 .133 1.80
S9 576 192 209 304 -.670 -.014 -.167 -.027 .105 .004 -.856
S10 637 -236 -218 -454 -.004 .348 .700
S11 684 -.089 -.006 -.274 -.006 -.329 -1.31
S12 710 .137 -.006 -.143 .027 -.268 -.291 -1.13
S13 778 300 250 534 .145 .009 .008 .728 .046 1.02 .471 (5)5.99
S14 832 -122 -140 .095 -.019 -.006 .281 .034 .264 -.007
S15 877 263 259 435 -.378 -.011 -.007 -.699 -.084 -.205 .008 -.959
S16 940 (5).818 .004 .017 (4)1.27 (5).135 .327
S17 992 -.461 -.009 -.339 -.052
S18 1,017 -172 -190 -311 .356 .007 .013 .653 .055 .224 .008 .663
S19 1,081 -.481 -.010 -.014 -1.05 -.093 -.372 -1.09
S20 1,212 (3).040 -.048
S21 1,344 109 143 214 -.234 -.037 -.449 .059 -1.05
S22 1,380 -127 -134 -242 .120 .019 (4).040 .670 (4).145 1.23
S23 1,420 244 704 .244 -.008 -.008 .304 .028 .201 .351
S24 5,000 -224 (2)1,650 -455 -.194 .016 .675 .075 -.297 -.006 (1)6.67 -3.52
S25 5,500 (5)384 (3)1,490 (5)967 (2)2.26 .010 (2).062 (2)3.03 (2).445 .734 (5).010 (2)6.08 4.33
S26 6,000 246 (4)1,150 830 .100 (4).035 .018 .547 .026 (2)1.12 .010 (5)2.95 (2)9.69
S27 6,500 (1)1,220 (1)2,220 (2)2,840 .345 (5).019 (3).055 .504 (3).245 (3)1.11 (3).015 (4)5.11 (3)8.35
S28 7,000 (4)397 (1)4,770 (1)27.2 .013 (1).158 (1)19.7 (1)1.09 (1)1.19 (1).039 (3)5.83 -2.94


Table 9. Summary of load calculations for selected constituents, Silver Creek, Utah


[Na, sodium; SO4, sulfate; Cl, chloride; Al, aluminum; Cd, cadmium; Cu, copper; Fe, iron; Pb, lead; Mn, manganese; Ni, nickel; Sr, strontium; Zn, zinc; all 
values reported in kilograms per day, except percents]


Na SO4 Cl Al Cd Cu Fe Pb Mn Ni Sr Zn


Cumulative instream 
load


5,160 9,410 15,500 34.9 0.301 0.417 32.2 2.20 8.06 0.131 32.6 49.2


Cumulative inflow 
load


2,460 4,170 5,590 5.4 .130 .121 14.3 .576 3.46 .052 8.39 25.9


Percent inflow load 47.6 44 36.0 15.5 43.1 29.0 44 26.2 42.9 40.1 25.7 53
Unsampled inflow 2,710 5,240 9,930 29.5 .171 .3 17.9 1.6 4.60 .078 24.2 23.27
Percent unsampled 52.4 56 64.0 84.5 56.9 71.0 55.7 73.8 57.1 59.9 74.3 47.3
Attenuation 1,610 1,180 2,970 4.29 .164 .1 5.0 .0 1.92 .028 1.20 19.8
Percent attenuation 31.2 13 19.1 12.3 54.5 16.3 15.4 .0 23.8 21.3 3.7 40.3
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Figure 11. Variation of (A) zinc load with distance and (B) change in load for individual stream segments, Silver Creek, Utah.
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Figure 12. Variation of (A) sulfate load with distance and (B) change in load for individual stream segments, Silver Creek, Utah.
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Figure 13. Variation of (A) iron load with distance and (B) change in load for individual stream segments, Silver Creek, Utah.
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Figure 14. Load for (A) cadmium, (B) copper, (C) lead, and (D) zinc for principal locations, Silver Creek, Utah.
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Figure 15. Variation of (A) chloride load with distance and (B) change in load for individual stream segments, Silver Creek, Utah..
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SUMMARY


Sampling by the U.S. Geological Survey and 
other agencies, both upstream and downstream from 
the Silver Maple Claims area indicated that there was a 
substantial increase in metal loads in Silver Creek. Not 
enough data were collected, however, for the Bureau of 
Land Management, which administers the Silver Maple 
Claims area, to make science-based decisions about 
possible remediation in the area. In May 2002, the U.S. 
Geological Survey conducted a mass-loading study to 
provide the needed detail. The study included a tracer 
injection to provide values of discharge for chemical 
synoptic sampling along a 1,420-m reach of Silver 
Creek in Utah. Loads along a much longer study reach 
were calculated by area-velocity discharge measure-
ments and by analyses of water samples collected at 
seven sites selected by the Utah Department of Envi-
ronmental Quality. 


Loads of constituents varied from a few kg/day 
for most metals to several thousand kg/day for major 
ions. For example, the cumulative instream load for Zn 
was 49.2 kg/day, and that for SO4 was 9,410 kg/day. 
The study was able to divide the total loading of 
selected constituents into eight areas so that the relative 
importance of different sources is illustrated.


For example, a substantial load of Zn came from 
sources upstream from the Park City sample (segment 
S1). The greatest mass loading of Zn, however, 
occurred at the Silver Creek tailings discharge pipe, 
which drains into the Silver Maple Claims area. There 
was a substantial mass loading of Zn through the Silver 
Maple Claims area; most of this occurred where there 
was an increase in discharge about halfway through the 
area. For comparison, the instream load of Zn in the 
stream segment including the Silver Creek tailings dis-
charge pipe was 10.2 kg/day and the cumulative 
instream load for the rest of the Silver Maple Claims 
area was 8.5 kg/day. Increases in Zn load and other 
metal loads in the vicinity of Richardson Flat also were 
substantial. Only a small increase in Zn load occurred 
downstream from the waste-water treatment plant and 
the town of Wanship, but for most constituents the 
greatest increases in load occurred in that area.


Distinction of the load contribution of the Silver 
Creek tailings discharge pipe from that of the rest of the 
Silver Maple Claims area helps to compare their rela-
tive influence on Silver Creek. Each metal load 
increased downstream from the Silver Creek tailings 


discharge pipe. These increases were greater than the 
increases of mass load through the rest of the Silver 
Maple Claims area, except for Cu load. The Cu load 
from the pipe was 0.019 kg/day and from the rest of the 
Silver Maple Claims area was 0.038 kg/day. Under-
standing these relative contributions of load in the 
Silver Maple Claims area and along the larger study 
reach will help water and land managers make science-
based decisions about remediation efforts.
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		QUANTIFICATION OF METAL LOADING TO SILVER CREEK THROUGH THE SILVER MAPLE CLAIMS AREA, PARK CITY, UTAH, MAY 2002

		oF = 9/5(oC)+32.

		[Source: S, stream, LBI, left bank inflow]

		[Sample identification, unique sample identifier; Source: S, stream; LBI, left bank inflow; Distance along the study reach, in m...

		[Treatment: FA, 0.45-micrometer filtered, RA, total recoverable; mg/L, milligrams per liter]





		QUANTIFICATION OF METAL LOADING TO SILVER CREEK THROUGH THE SILVER MAPLE CLAIMS AREA, PARK CITY, UTAH, MAY 2002

		By Briant A. Kimball, Kevin K. Johnson, Robert L. Runkel, and Judy I. Steiger

		Abstract

		Introduction

		Methods

		Tracer Injection

		(1)



		Sample Collection and Analysis

		Mass-Loading Analysis

		(2)

		(3)

		(4)

		Unsampled inflow = DMs-DMi. (5)

		Load Error = (6)





		Quantification of Metal Loading

		Discharge

		Chemical Character of Synoptic Samples

		(4.21)x+(0.06)y=0.77 x+y=1 x=0.17; y=0.83 (7)

		[Source: S, stream; LBI, left bank inflow; Treatment: FA, 0.45-micrometer filtered, RA, total recoverable; µg/L, micrograms per liter]



		Mass Loading

		Principal Locations of Mass Loading

		1. Upstream from Silver Maple Claims area- includes segments S1 through S5 (table 6): This was most important for Na and Cl, which is an indication of the salt used on the roads. All the other constituents had measurable loads from upstream sources.

		2. Silver Creek tailings discharge pipe-includes segment S6 (table 6): Every constituent had a measurable loading from the pipe discharge, but this was the major source of mass loading for Cd and Zn. It also was important for Cl, Mn, Na, Ni, and SO4.

		3. Remainder of Silver Maple Claims area-includes segments S7 through S18 (table 6): Measurable mass loading occurred for Al, Fe...

		4. Downstream from Silver Maple Claims area and upstream from Richardson Flat-includes segments S19 through S24 (table 6): Mass ...

		5. Richardson Flat-includes segment S25 (table 6): There was substantial mass loading for many constituents in the segment that ...

		[Minimum, percent variation from standard closest to zero; Maximum, percent variation from standard farthest from zero; Median, ...



		6. Ground-water inflows upstream from waste-water treatment plant-includes segment S26 (table 6). The flow in the stream at this...

		7. Waste-water treatment plant / ground-water inflow-includes segment S27 (table 6). This segment had the greatest load for Na a...

		[mg/L, milligrams per liter; µg/L, micrograms per liter]



		8. Downstream from waste-water treatment plant to Wanship-includes segment S28 (table 6). This long section of Silver Creek, whi...



		Unsampled Inflow

		Attenuation

		1. Between Park City and the injection study reach (segment S2) -All constituents, except Cu, lost mass in this segment. The cau...

		2. Downstream from the Silver Creek tailings discharge pipe (segment S7)-Measurable attenuation occurred for all the constituent...

		3. Downstream from Silver Maple Claims area (segments S18 through S21)-Loads of As, Cd, Cu, Fe, Pb, and Mn all were attenuated s...

		[Segment, stream segment; Distance, distance at the end of the segment; Na, sodium; SO4, sulfate; Cl, chloride; Al, aluminum; Cd...

		[Na, sodium; SO4, sulfate; Cl, chloride; Al, aluminum; Cd, cadmium; Cu, copper; Fe, iron; Pb, lead; Mn, manganese; Ni, nickel; Sr, strontium; Zn, zinc; all values reported in kilograms per day, except percents]
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